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fck=27 MPa / fy=400 MPa / Y574 300 mm (d=252 mm)

I E A (Pa=Ko-q+Koy-H)

X[& (z=0) P=0.357x10 3.6 kN/m?
X|5t2l (z=3.6) P =3.6+0.357x26x3.6 37.0 kN/m?
XI5hE HHE P =37.0+(0.357x16+10)x0.2 40.1 kN/m? 10 kN/m?
HA+EQ (x1.6) 5.7/59.2 / 64.2 KN/m?
ey o 1
Cha& HEf 5§ (U=1.6L + 1.6H) 230 5.7 kN/m?
2 %

g TV=0, EZMA=0 RA=70.8 / RB=58.3 kN

V=0 X Xx=32m

Z|CH Mu A Z2 1m7|F =134.0 kN'm

3370
I CHH M3 Mo HE 4000
M pve 0.75x(1/6)x\27x1000x252 = 163.4 kN Vu=583<163.4V
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I CHH M7 = ™2 400 \

Rn 134x10°/ (0.85%1000x2522) 2.484 MPa - 64.2 kN/m?
p— As p=0.00643 — As=0.00643x1000x252 = 1,620 mm?

2t s s = 198.6x1000/1620 = 123 mm — D16@120

S ECIESE @Mn=133.7 > 1.2Mcr = 58.9 kNm 0KV

T2 = +HERDYS

D16 @ 120  As=1,620 mm? D13 @ 300 Ash =600 mm
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| szz0028 039 B
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A 2SS a ZHBAF Z5 A2 a= A= I TZ A= 2 2| A= AEArg 2] A=l a4z 29
7|1 24
- = |
POOM
N [
SHEX[LHE: 2,000 kKN/m? fck: 27 MPa fy: 400 MPa 7|'S: 500 mm A
| s271% 47
71X 37| AN .
EEEUEL S 7|0t HI|XE 0|0jA 7|xo| AHY He
4o MY Areq = (1080+491) / 2000 = 0.785 m>
H Z0|B B=10.785=0.88 m — Bmin=900 mm S B=1.0m
| ssz00zn @y 'L
flctH bo =4 x (500+d) ‘
Vuvs ¢Ve ¢-(\Wfck/3)-bo-d = Vu d>256.6 mm -
M E d—h d=270 mm — h=270+90=360 mm h =400 mm DOWEL H2: D16 —
= w
o
| wennas |
=3
=2 20 Ry —(— N
== a0] 1 (B—¢)/2=250 mm — Vu=(l-d)xpu Vu<0—0 “r
El:l
EEECL
o o
Mu / Mn =150 mm Mu=65.1 kNm — Mn=76.6 kNm in in
As,req / min ©=0.03983 — 648 mm¥m | As,min=800 min X| &Y —
4 ——l . i d d e — =t
FARZIE s =1000x198.6/800 = 248 mm — D16 @200 |  —=
Hi /B AW Id,req = 402, 1dh = 355 — B=500+2x385 — B=1,300 \
TEEECS | waseaa 1%
X|& 7|1%x 37| FEIHZ
B =1,300 mm D16 @ 200
h = 400 mm DOWEL & Z: D16




TV
RTINS :
~ii-

T

WY




=
o/

=

1==9 oL A ESEA 7]

22 70 of

[

T)12.5°C 0]

ol
Tl

|AH

— 9
0
™M s ﬁm
> [
Ok «
o S
o . *
| Klo
M_E a %m
%S
(AN
N By o
M.;ou Tl =
foll — 00 e
5y R wr 3
) E A
81 © 3| 3
31 e ol - 10
g - S %
E3 0T X0
T A3 m_m
o o)l S o
K ~) o S S e
= N[ < ™ ™~ n
ok ol — N0~ i
K _ua= "l il
_ R d o
ol =11l K
ol T o FH © — K0
M S o0 Or N.W u;M
5 A0 T AT ©
zll .._wm_vmeume www &g =2 = =2 °
0 KV v @ % — METR =)
._lﬂwﬂ I—E H__l z H__l — Y~ 24
OFl o o) =0 K0
£\ e
— —____—h Tl W T
-
a L] [ ]
|
o S EIE
._Iﬂ.n_ uA__/u oSl o
+ &
C R
__uou ol o
18]
o<
=\ =
==
o E1IE
Tl “HE
|_ﬁ| oD
r
Kir A
T
m -
Hrn— e o u| m Sﬂ re o m SzVR
& s | 5= £ s | 25
B KH ul S = W E 5| =
X — Pe ——— e
% " 5 e =2 =2
=] MW BT w | o |
TR gl & w12 ul £ o2
oF Bl o= w0 € 5 E né - 3
R UN I Sl | [jEaE
= D2 fi]
M U o an = o o Ao
R _ = 0 ul <0 ©
Mmu__. H Mﬂ = < =) w| o K < & wl o g K
U o | g K 0° FEEREC] X | FEum --L
]
n =< .
> == —
o H
RS




MSAIEYS T FHISA) ZZ A2 A= Ag 2E A2l 317 M| Ag M B2| AE zZ= 37
= koY AfFOl Ade b5
BEof A4t S A 77| M .
P OOM
|
H& ae
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«  AE20|M 7|8t MA RS} H| W (DesignBuilder, EnergyPlus AF) GSHP (X|E 3|EHI) HT
o 7|EQtCHH| MO HEA|] RS} oF 50kw A X MAHY () GSHP 33 (13 & 30RT)
e . 1 0/ X = = 29 17 =2 s b
siayzet ol EF GSHP 47 0] £7| £X{H| FOLL A7 2] BT} £2 ofuix BBE Higos
o X710l ARAO| THE 94
 oSHP A Al S Ao AL S SIEf R 2L
377.63 kW 286.96 kW . GSHP AAE £2/ 7|25 - ZR|E EfSIA
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. Mechanical Room
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Ground
Loop
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Water Return AHU2-CAV

76.3 W/m? 67.36 W/m?

Water Supply
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ndirect Water Heater System (o
. A|ZHACH 2 4,903.5L/h &2 wo fndrect Wate i R | orw supply Pie
g 199 g | e _ 1.}
, 93 | A | @9R
S (e | ?em; Iﬂj
(o] Yo Hqwr) 5 2~8 10~40
- EEFLAEY g=m:-C-AT 24 4% | 0 1-3__| 100~300
i A 50 1-6 50300
e 42 15 3~5 45~
m: /(/5/ it/[// __I.E/-E,‘:(/( /5) w42 10 2~4 20~40
Zeeny "f ?Z ig % @% HX Water Supply Pipe
C £9 H/Z 4.187kl/kg-°C 22 s )
dxesd |wd-ow| 0 0T34 N ®
AT: 55-15°C A BT N TR T HWR ;L g( J; % }% }!( \ ) Circ.Pump
DHW Return Pipe
Cascade Boiler System DHW Storage Tank
SE AEE-222 61 2 + /27 0
. JERE . oINS N8
2 712 e HE A S
Tl M EH 7| 7.5L/h oﬁﬁ%i Al 1.0 o 53 (kw) 52.3
HR & TE & 0.1
OII:II_|- A Ej _ h = X o= 1T =
OEH\I ;l | 10-40L/ AH| L33l 52 x|} 01 Z|C 7k 2HIE (kw) 55.2
QFAl 2 100-300L/h o PN e
—'—l_é_ mi=) 1.2 A|"9‘ 7|.A =
N 50-300L/h i e e T S (LNG 13A)
SAALEE 25-40% 54/(/%}0_%;[/05:5%?55;570 LHEE X AL 105
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A 2% 26°C
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e 71E
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G 2R (ke/s)
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Table 5. ASHRAE Duct Friction Loss Chart
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Figure 12-21 Pressure loss due to friction for galvanized steel ducts, IP units. (Reprinted by permission from ASHRAE Hardbook,

Fundamentals Volume IP, 1997.)
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CFD A|&2f|0] M 25} input 2f & ZEE |
POOM
® inlet ® outlet L
| DesignBuilder '#% O|3 £5} | Ansys Flunet 223
Item Value - u
Zone Lobby X=5.75
Floor Area (m?) 125.516
Volume (m?) 1004.125
Design Capacity (kW) 17.19
Total Cooling Load (kW) 14.95
Sensible Load (kW) 8.05 x=16.45 B s
Latent Load (kW) 6.9
Outside Dry-Bulb Temperature at Peak (°C) 31.2 Figure 26. Ceiling SA +Ceiling RA (Ansys Fluent)
Ventilation Gains (kW) 1.41
Infiltration Gains (kW) 1.33 — — —
Equipment Gains (kW) 0.23
Lighting Gains (kW) 1.88
People Gains (kW) 1.9
Solar Gains (kW) 0.12 =-1.75 j 1 |
Roof and Ceiling Gains (kW) 0.53 =
Wall Gains (kW) 0.62 ] ) ) ) —
Glazing Gains (kW) 0.2 Figure 25. Design Builder Lobby Modeling —
: | ||
Tloor Celns () 2 Z1t 24 HH2 Vertical, Horizontal sectionZ LI
Table 6. Design Builder Cooling Peak Load for Lobby Zone SHOtU= THAXLS| MEf H HFY J7|FEEE EOXtE. Figure 27. High Sidewall SA +Floor RA (Ansys Fluent)
Category Description Area/Volume Heat Gain Heat Flux Value
Ceiling Roof + 40% Lighting 185.84 m? 1.282 kW 6.9 W/m?
Window Curtain Wall Load 97.8 m? 0.94 kW 9.6 W/m?
Floor Floor Heat Flux 37.17 m? -0.17 kW -4.6 W/m?
Volume Heat Source People + Infiltration + 60% Convective Lighting 861 m? 4.58 kW 533 W/m?

Table 7. CFD Heat Source Modeling Based on Design Builder Loads
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A Start.

sl >

@ 271 M-
max[ACH 42|, L€ &5}t 7|F] x 1.05 — 3,600 CMH

@ CIEN S8 +2HK 71
(ASHRAE Table 20.2)

® Characteristic Length L 27
(ASHRAE Table 20.2)

v

(To-25 §E|_|-_—'TE 0.25 m/s 7| &)
(ASHRAE Eq.20.2)

® x/L He| Bt=2?
To2s/L 7|& %f 01—‘?'— 2ol
(ASHRAE Table 20.3)

® ADPI (Air Diffusion Performance Index) 22!
x/LOj| (-2 ADPI 7|& 2tF 29I
(ASHRAE Table 20.3)

©) 7}E+§:|_ A -I
Criteria)- %*34
(&M 7tE 2 EX)

CFD 43 — Coanda 812 &3 24

\4

2 A End.

sl >

| ASHRAE Reference

TABLE 20.3
Typical Diffuser Selection Guidelines

Room Load, Wim?* T, JL(T,/L) Maximum For ADPI Range of

Terminal Device (Btu/h-ft?) Max. ADPI* ADPI Greater Than T,.fL

High side-wall grilles 250 (80) 18 68 - -
190 (60) 18 72 70 15-2.2
125 (40) 1.6 78 70 1.2-23
65 (20) 15 85 80 1.0-1.9
Circular ceiling grilles 250 (80) 08 76 70 0.7-13
190 (80) 0.8 83 80 0.7-1.2
125 (40) 08 88 80 05-15
65 (20) 0.8 93 % 0.7-1.3
Sill grille, straight vanes 250 (80) 1.7 61 60 15-1.7
190 (60) 1.7 72 70 14-17
125 (40) 1.3 86 80 12-18
65 (20) 09 95 90 0.8-1.3

Tyzs throw to 0.25 m/s velocity, T, throw to 50 ft/min velocity.

TABLE 20.2
Common Diffuser Types and Their Characteristic Lengths

Approximate Air

Loading per Floor Characteristic
Diffuser Type Space, L/i(s-m?) [cfm/ft?] Length L
High sidewall 0.6-1.2 [3-6] Distance to wall

grille perpendicular to jet

0.9-5.0 [5-25] Distance to closest wall
or midway to nearest
ceiling diffuser

Length of room in
direction of jet

Circular ceiling
diffuser

Sill grille 0.8-2.0 [4-10)

Perforated panels

N

Linear diffusers

Ceiling diffusers

= 7~z
__Zg ey High 5B
Around lighting
ind
e ' Sidewall
registers
: Low
Py by
Floor
e register
regioter
o
/ =
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27| HA X0t MA|

Y ret
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| SA(Supply Air) 84|

st2
o=

CASE 1
Ceiling Supply Only

CASE 2
Ceiling Supply + Cooling

29

CASE 3
Sidewall Supply Only

CIFAN g4

=

Supply Air Diffuser Type Circular Ceiling Diffuser Circular Ceiling Diffuser

Sidewall Grille

ClFXN ARRF Size / Specification ®350 mm ®350 mm 1,100 x 150 mm
ClFN =2 Diffuser Quantity (ea) 3ea 3ea 3ea

HX| =0 Mounting Height (m) Ceiling Surface (8.0 m) Ceiling Surface (8.0 m) (500 mmﬁilgnw ceiling)
Tz et Supply Direction Downward Downward Horizontal Discharge (0°)
= Volume Flow Rate (CMH) 3,600 CMH 3,600 CMH 3,600 CMH

FE 5 Supply Velocity V,, (m/s) 346 m/s 346 m/s 2.02 m/s

=27 2k Supply Air Temperature (°C) 20.5°C (293.65 K) 20.5°C (293.65 K) 20.5°C (293.65 K)

Table 8. Optimized SA Design through the Design Process

| RA(Return Air) 27

e s CASE 1 CASE 2 CASE 3
c =° Ceiling Supply Only Ceiling Supply + Cooling Sidewall Supply Only
RA 1E ALY Return Air Grille Size 450 x 450 mm 450 x 450 mm 600 x 450 mm
RA O3 =& Return Grille Quantity (ea) 4 ea 4 ea 2 ea
Two Fl Locati N
RA 2| 2/X| Return Air Location Four Ceiling Corner Locations  Four Ceiling Corner Locations e zz:ta?r:aV\ll:Ir;s ear

Table 9. Optimized RA Design through the Design Process

ASHRAE 20.3 Air Distribution in Room, 20.4 Fully Mixed Room Distribution Sysyems £t 115t0{ C|EX A7

POOM

Figure 28. Circular Disc Valve Diffuser

—_—

&

Figure 29. High Sidewall Grille Diffuser
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j Casel. Ceiling SA + Ceiling RA

i Velocity Magnitude

Velocity contour min=0, max= 0.5m/s

x=5.75 A':Zsy: z=-1.75

STUDENT

e e

EING 2 2828 2 EREpts
1 et

5 &

i Static Temperature

Static Temperature contour min=18°C, max= 32°C

X=5.75 any. NS

STUDENT

...........

® inlet outlet

LT

x=16.45

Velocity M agriuae
i piand

I I S S
RS

°

—
g
g
£

HERY ZASILE 2 FE plume HFY &5 (x=16.45 Plane) — Perimeter Zone E&tAd EOIE

i CFD Analysis Summary

POOM

AL LfH +0.5°C 0/4e 57 2& &52

local discomfort 7t&& 0] QCf EEFES
yEZes

HH 32t

26.1°C gHeE B v

M 7FR YK RE U A5

X=16.45 T v
=) 26.24°C 0.16m/s
= 26.85°C 0.10m/s
o= 26.69°C 0.10m/s
X=5.75 T v
= 25.08°C 0.21m/s
= 25.07°C 0.16m/s
EE 25.08°C 0.10m/s
7=-175 T v
= 26.48°C 0.15m/s
Aq=Z 26.49°C 0.12m/s
= 26.35°C 0.23m/s
A BZ 2% (Volume Avg)
Vo=3.46m/s
NC~23 24/ 7/F NC< 35-40 & v
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Solution.
j Case2. Ceiling SA + Ceiling RA + Radient Cooling Panel

= Ansys
S wve | Ploblem
STUDENT
= CaselOi| N, & AAIESIZ Zot 45 7|7 dH
- SHo| M| 7| RELCH HolfX|= B2 US —
e gt st M HE (A7 Y2 % 25 9 26.9°C)
- 26.9 °C? i .
—— | Solution
o {
‘ =0 Casel®| perimeter zoneOll SA} At 1Hd 7}
Panel Modeling T panel=20°C An:z!psz
Sa— STUDENT
L |

!
i

10
H1
=
xR
(@]
iz
oz
=
k

o
d

, 02 7| FIFHHE A0 M HZE-aE KT A 22
27t H|8 ZR5ILt Casel CHH| perimeter zone 2= 2t

SKYLGHT OR ATRIUM GLAZING

: DRYWALL
' l| AIRTEX RADIANT PANE
|
| STUD

- CONCRETE

Figure 30. Radient Cooling Panel

T panel=18°C Ar;?zsynsz

STUDENT

=
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= 2 = 17
CFD A|=2||0|M Zu} 24 27
P OOM
® inlet © outlet [ i
y Case3. High Sidewall SA + Floor RA - ¥ ]
y | CFD Analysis Summary
: . N YHLE fH] +05°C O/&9 52 2& 452
i VGlOClty Magnltude Velocity contour min=0, max= 0.5m/s =l 77.///09/ d//i'cé/;fon‘ y/i:é;/g//j;/q ot st
x=5.75 AR B=17s AnsYs  x=1645 Ansys 4 goes
STUDENT “STUDENT “STUDENT |
M 27
yeityvagiuen Jesg e o 2585°C g;_//_‘_.O_E Ef% ‘/

AN ARR X 25 U SE

HLEREERREE S

: X=16.45 T v
— o = 25.91°C 0.09m/s
. : > { : Uz 25.75°C 0.23m/s
T L]
e (> ; @-»? Y= 25.65°C 0.24m/s
- — — X=5.75 T v
i Static Temperature Static Temperature contour min=18°C, max= 32°C @ 2ozl S
Uz 25.55°C 0.16m/s
x=5.75 T e Ansys o 16.45 o u=s 2544°C  0.08m/s
STUDENT STUDENT STUDENT
Z=-1.75 T v
S C = 26.73°C 0.07m/s
o o ? - - e 26.73°C 0.10m/s
= = | e = 2677C 006
— — — = ! = M HA2E (Volume Avg)
°{¥: {e Vo=2.02m/s
Za=( W)
(/f E}j NC ~ 18 ZH Z|F NC< 35-40 B

=
=

H &8 H|E Coanda 21} 7|8t RARSOZ HEEH AYE E&tE 7Hi - RAHEZ HIX|Z plume 2F S — t, z=-1.75 THH & 24

of>
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POOM
[ ]
J Methodology Framework k Evaluation Criteria
ACEZ} 095 O|A Y AL YSSH 37| 502 LILt gz 37138 ACE(=T,/ 1") N 7=
@ Mean Age of Air i & =¥ T < 900s ACE > 10 oy 58 94 3
__ 3600 Tn 900 < T < 947s 0.95 < ACE <10 2t 7|28 K (ASHRAE 129 25
Tn — ACE = — -
il ACH 7 947 < T < 15005 0.6 < ACE < 0.95 JUH 37 ZH g9
@ THE Section XA ® I H et A Nominal Air Age T > 1500s ACE < 0.6 S7| BH S (Dead Zone)
~ Table 5. ACE-Based Ventilation Evaluation Criteria
0 < Zoce < Zstair.maz + 2.0 m E - 9124 -\ H A ASHRAE Standard 129 7|8 217|128 BIF 7|Z0) 12} ACE<0.950/ 3 STf% B4 &0/t Bet
=27|8(Mean Age of Air) &M
y S717t &2tkl= SU0M 37|71 MFSh= AlZEE AMSIH AHFEH 7|1E 2r|gE 2 U387 22 §42 BoL
® Z Section ttH Z7|H 22X 2N
- . =5 i ARy
P ii fiT dA W‘Celhng SA+Cooling Panel  [swer e . smoper _ o Z?=1 AT
A Toverall = m A
H ﬂfggi ﬂzzz i=1 4
: :” :“ Section (Ceiling SA) Mean Age of Air
= = el o x=1645 910.49s
; 2 : z=-1.75 1007.63s
x=5.75 847.13s
. . Ansys Ansys Ansys
High Sidewall SA e — e
Section (High Sidewall SA) Mean Age of Air
= - | x=16.45 965.53s
® ACE(Air Change Effectiveness) 2 E | 2=-1.75 943 74s
— = x=5.75 793.43s
ACE = : s | |
= e =L Table 10,11. Mean Age of Air by Section
A\ 4
® =Het 13 HEZH MH| W S7]1E: Ceiling SA 1=923.3 s (ACE=0.97, 3.9ACH), High Sidewall SA1=911.6 s (ACE=0.99, 3.95ACH)

—

.. High Sidewall Mixing Ventilation0| &S S+ 27|28 ZHU|M 28
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%= MM- High Sidewall SA + Floor RA

| ME ZA

« HFEASHIITHY YU 245 &

+ HEE plume FE 213} - B

- QHEXQl detA 9l A 7|E oF
thermal comfort %! draft

Inputs

Select method:

PMVY method v

Air temperature

26.73 _ °C O Use operative temp

Mean radiant temperature
26.5 . °C
Air speed
0.1 . ms
Relative humidity
50 s % Relative humidity v
Metabolic rate

1.1 : met Seated, quiet: 1.0 v
Dynamic clothing insulation

-l )
0.5 - |clo Trousers, long-sleeve shirt: t«

ASHRAE 55 ASHRAE Fundamentals, SO 7730, Turbulence Intensity= CFDOJA{ local valueZE 3

x| E 9| Coanda effect 7|t

ah &2
- Ceiling SA Ciitd| T & X

RS
2
| —

=0

criterion CHE & 0H=

Ctat z=-1.75 CtH Xt MXLo| AL
S fIX|of cHal 3=

EE E3} Grand Stair {AI A
ol Qs HEH CI™E M
o AAUAMO| SFMLA O, Al

, 2F M 26.73°C 40N
7t el 2o (PMV EDT, DR) M7IE $9ls

M circulation @4, Ceiling SACHH| W2 W 37|
7|7 (plume)e| MASIH HEIJH LE X[, 7t MH| TR X

o
=
72L& 25.85°C, HFY 7|F 4K 0.03-0.25m/s HeI =

o

MINMOZ =2 HFX WA E 7 LIELY,
o] ST 512 el 2t ofw AE

« Complies with EN-16798

Thermal Comfort Analysis & Conclusion

PMV = 0.32 PPD =7 % Category = Il I
Relative air speed = 013 m
et et . «  PMV(2IH| A E2HHH) - PMV=0.322, M4 thermal comfort= acceptable
« EDT(2E,7IF4E 718 34X WI}) - EDT=1.34°CE, -1.7°C ~ 1.1°C 7t X3}
oo /] EDT = (T, — T.) — 8(U., — 0.15)
o s S S s « DR(ZE 7|52 oIst 2312 - DR=11.6%Z, draft discomfort= & £&
tep  -22.0°C /
32.6 kl/kg ik \ 27
home 0 = (34— T.)(V — 0.05)"%2(0.37V ] + 3.14) [ = V3"
: z=-1.75 792 C| X ZSHE MO = ols MO = 2= - Z7|H0| E2|stLt

10

0
0 12 14 16 18 20 22 24 26 28 30 32 34 36

Dry-bulb Temperature [*C]

2=k

T=

518 el Lol7|of =7t et HE X

High Sidewall SA + Floor RA= 2

N
55 27| WAloE ML,
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