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TUBE HOUSE: PROS AND CONS |
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However‘, a‘t‘ﬂne same

'hme, inappr‘opr‘ia’i’e

| c‘esiqns L)r‘inq bad

| e |

pergermance in term o¢

TOBUYLAND
iy 5 | cemgcort and enetgy

consumpﬁon. anj w]nen
loeinq lousxf c)nasinq

func‘honalft\f, some‘hme we

lose the touch on our

own traditien.

| ﬂms s w‘n\i ].am ‘ner‘e.

|
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METHODOLOGY FOR HIGHER COMFORT, LOWER ENERGY
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IIne pr‘ojec'I' s cIiVicIe(I
in‘Io 'I'Inree mamn

assessmen'I's:
— Present
~ Retroqitted

- Modernized

The criferia including,
— Daylight Availability
— Thermal Cemfert

. Energy Censwnpﬁen

Pf.s 'I'Ine 'I'uIr)e"Ir\ou.se IS SO

popuIar‘ n Vie‘Inam, tweo

di¢eerent climates are

aI.so 'I'aI<en in'Io

consicIer‘a'I'\on.



CLIMATE ANALYSIS

Temperature

Outdoor Air Temperature
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-nr\e |oca'hon.s are 'ﬂne ‘l’wO
,oiqqes‘f cifies N Viej'nam.

Loca’teJ n 'Hne Nor‘ﬂ\,
Hanei i ‘Hhe cap?fa| o\c

Vie‘fnam anc\ ]nas humid

subtropical climate wﬂ\

fair‘|\1 co|c\ win‘fer‘.

Meanw\nile, Hochiminh

City s 'Hne loiqqes'l' cd’\f
n 'Hne Sou'ﬂn o\c Vie‘l’nam

wTHh frepicdl wet and

dry climate and ]niq)ner

|eve| olc so|ar‘ r‘ac‘ia'hon

T\nrouq]nou‘f‘l%e Jear.



TUBE HOUSE: CASESTUDY

Standalone In Context

-nne cases'fuc\\f c]nosen
I fof‘-ﬂﬁs pr‘o:)ec‘t s
c\esiqnec‘ L’\f my c‘ac‘,

| wlnic‘n IS an enqineer‘.

50G

Terrace

].n a wa\i,'ﬂnis per‘sonal
40G

pro_)ec—l' IS Now even
30G

more per‘sonal.

22.95m

20G

10G

. Residential
Elevator

Fun facts: A
- Designed by my dad (a civil engineer) $o‘
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| .nne fir‘s-l' .s_l'ep WO\AH loe

| assessing ‘ﬂne
| performance of currexit

clesi n n Term of

9

daylight availability,
ic\en’h\c\{inq 'Hhe pro,r:|ems

ancl 'Hnen coming up wfﬂn

BASECASE ASSESSMENT AND RETROFITTING deasto modiy i

Daylight Availability
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DAYLIGHT AVAILABILITY

Metrics

- Daylight Autonomy (DA)

- Spatial Daylight Autonomy (sDA)

Assumptions

- Climatic data:

\3 Hanoi g§) Hochiminh City

- Target illuminance: 300 lux

Boundary Conditions

Ceiling
(Reflectivity 70%)

Glass - Single Pane
(Transmissivity 76%)

Internal wall
(Reflectivity 50%)

Floor
(Reflectivity 30%)

External wall
(Reflectivity 35%)
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The mefric usedto
assess C\a\fliq\ln—l'

avai|a,r>i|?f\4 s Doylighf
Autonomy ancj Spaﬁal

Daylight Autenemy.



DAYLIGHT AVAILABILITY: BASECASE
Nord |

3 2 .
f) Q) | Based onthe results,
I 'Hne pr‘ouems wﬂJh

) ] " | cur‘r‘en'Hu,oe—lnouse

| desion are detfied.

5 ' ILe main reason w\mf

| | 'I'u,oe"lnouse lnas suc]n
Non-uniform distribution of light I L)ac\ per‘for‘mance of

9.0 | Cla\fliq]n'l' s c\ue To

| indpprepridte

| arrangement o living

Spaces.

The room is too deep

' o By o I

4 . .
=] |

A
< L L |
;‘/J‘*)I’ =) | =)
I I | |
Limited daylight availability in back spaces Not fully making used of spaces with better access to daylight
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DAYLIGHT AVAILABILITY: RETROFITTING

Basecase

Retrofitting

Opening up the staircase

Lightshelves (depending on the climate)
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TLe mam itjea for‘
re‘froffﬁ'mq 3 ‘fuloe—\nouse
is To improve 'Hne Aesiqn
wfﬁhou‘f c\amaqmq ‘Hne

s‘l'r‘uc—tu re.

]_n oc‘er‘ fo ]nave a L:e'ﬁer‘
claxfliq‘n'l’ conc\fhon msicje,

pr‘oposec\ so|u‘hons
inc|uc‘inq opening vp
the staircase and back
gocade wlni|e adding
lightshels on the ¢ront
gacade to improve the

unigerminity o light.



DAYLIGHT AVAILABILITY: LIGHTSHELVES VISUALIZATION

To \nave an iAea of‘Hhe

right dngle and size ¢or

the lightshel, differert

varian‘ts were Tes‘feé ancl

coMpaY‘eA loaserj on

Spdﬁd' Ddy"ghf

cd/m2 Aumnomy as we“ as

Without lightshelf | 0° lightshelf
§§§ the visval egsect.

nne Y‘esuﬂ' \nere s‘noWs

‘Hha‘f a 30 degree tilted

Iighfshelf will bring the

best visval e¢cect.

30° lightshelf 75° lightshelf

Transsolar

acadenw




DAYLIGHT AVAILABILITY: COMPARISON
Nord |

> HANOI |
9 Basecase Retrofitting | Forthe climgte of Haro
. or' ine climale ol [lanoi

| wTHh a |oT o]c Jaxf.s with

/Jt | overcast sky cenditien,
=1 A D |
| the impact o¢ lightshel
gl o = B |
I . is limited since the
— u = 9709 .
SDA300,50%_ 25% , SDA300,50% 27% I light cannet be
. | directed deeper inte
] ]
]] | the roem. However‘, 'Hne
| Visual impac‘l’ of ]navinq
] ] o | more unﬂcor‘mff\’ = ‘Hner‘e.
— 230 u sDA = 63% |
sDA300’50 o 43% : 300,50% On the wpper ﬂoor‘s, L\,
| \navinq openinqs,‘ﬂne
= | | | per‘for‘mance IS W\ucln
- - | loe‘ﬂer N comparison wTHh
3 i :
I: /JL - | asecase,
A
A | |
I
- o - )
sDA300’50%— 17% i SDAsoo,so% 79%
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DAYLIGHT AVAILABILITY: COMPARISON

¢

HOCHIMINH CITY

Nord

Retrofitting @

Q) Basecase
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For climate with mere
days in clear sky
condition, the
lightshel; makes o

biggel‘ iMpdC‘l‘.

-nne spacial Aaq'iq‘rﬂ'

auTonoM\f Value for‘ upper‘

ﬂoor‘s can loe wp 'l'o 807°



nne neif compar‘ison s

in Term of thermal
comgcort and energy

censumpﬁen.

BASECASE ASSESSMENT AND RETROFITTING

Thermal Comfort and Energy Usage
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BOUNDARY CONDITIONS

Basecase

Single pane Glazing

| |

Concrete Structures Brick & Mortals
No insulation No insulation

Comfort Analysis

\_C

0.61 Clo
1.1 Met
0.1-1.2m/s

Retrofitting

Additional Ceiling Fan

Double pane Glazing I

[ ——

0.1ACH -y

¢

6 ACH | I

|

Additional Bamboo Mats
(12mm)
as insulation

\_0

L7

0.9 Clo
1.1 Met
0.1-1.2m/s
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]_n 'Hne current desiqn,
'ﬂne loui|c\inc5 onl\f )nas

sinq|e qlazinq and Nno
insulation.

Therefore the re‘frofffhnq

so|u'hons main|\1 focus
on minimizing heat
losses by impreving

the cacade, in ‘ﬂnis case

wiﬂ\ loeﬁer‘ q|azinq and

insu|a'hon.

In add?fon, elevated
airspeed is provided
siﬂ\p'\i lr:\f usinq a
ceilinq fan.



THERMAL COMFORT AND ENERGY USAGE: COMPARISON

> HANOI

D

o o o
Thermal Comfort
Slightly Cold Comfortable Slightly Warm Warm
PMV < -0.5 -0.5<PMV<0.5 0.5<PMV <15 PMV > 1.5
! ¥ i [
I ! 0 1
12 E * I 1
6 E 1 I |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- Slightly Cold 1797 Hours - Comfortable 6618 Hours - Slightly Warm 345 Hours Warm 0 Hours
24
I I b 18
1 P 12
A4
n_ :
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- Slightly Cold 265 Hours - Comfortable 8477 Hours - Slightly Warm 18 Hours Warm 0 Hours
Energy Usage
Lighting m Cooling = Ceiling fan
_ I 25% BETTER Thermal Comfort
re
/ L)
- 46% LOWER Cooling Load
RETROFITTING 18 -5
0 iO ZIO 3'0 AO 5IO 6I0 7IO 8:0 9IO
Electrical Energy Demand (kWh/m?a)
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-nne Y‘esuﬂ' s)now.s 'ﬂna'l' L\,
improving 'Hne J(gacac‘e, the

space can pergorm well
in winter in Hdnoi
without any needs cor

additienal heating. -nnis

dues To the Tactthat now

a“ in’fer‘na| qains N
win‘fer‘ are kep‘l’ insicje

as ‘nea_r sources

Overall, the re‘frofifhnq
c‘esiqn can improve
25% o¢ thermal
comgort while reducing
46% o electricity

consumpﬁon.



THERMAL COMFORT AND ENERGY USAGE: COMPARISON

3

HOCHIMINH CITY

® ® o
Thermal Comfort
Slightly Cold Comfortable Slightly Warm Warm
PMV < -0.5 -0.5<PMV<0.5 0.5<PMV<15 PMV > 1.5
24
18
12
6
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- Slightly Cold 25 Hours - Comfortable 8704 Hours - Slightly Warm 31 Hours Warm 0 Hours
24
= 18
E” 12
| z? e
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
« Slightly Cold 28 Hours - Comfortable 8716 Hours - Slightly Warm 16 Hours Warm 0 Hours
Energy Usage
Lighting m Cooling = Ceiling fan
BASECASE
I SAME Thermal Comfort
44% LOWER Cooling Load
RETROFITTING
0 ]:0 2IO 3:0 4IO 5IO 6IO 7I0 8I0 9IO
Lightshelf’s impact Electrical Energy Demand (kWh/m?2a)
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For‘ T\r\e c|ima‘fe o\c

Hoc\nimm]n Cu‘f\;,‘ﬂne
r‘e'frofit c‘esiqn can ]nelp

achieving the same
comgort as a cully
conditioned room while
only use hal¢ o

electricity.

Q’(‘ﬂne same Time, the
iMpdC‘l‘ o¢ Iigh‘l‘Sl‘\eIf is
shown en the reduction

°f Iighﬁng IOGdS.



| Q&er‘ )navino) untjers'tanzjs

| of w]nic]n so|u’hons can

| Lr‘inq posihve imPac'fs

on ‘Hhe Aesiqn n ‘Hhe

c|ima‘fe o\c Vie‘fnam, we

| decided to push even

MODERNIZING THE ,,MODERN TUBE-HOUSE" | gurther by trying to
Searching for inspirations from Vietnamese Vernacular Architecture | change completely the

design o¢ Viemdmese

Modern Tube-House.

- 7 .
— "\ O

i s
1~ 7 |
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Pfs men’honec‘ n 'Hhe
laeqinnmq, one of'Hne

pf‘oL)'&ﬂ\s for‘ mocjem
'I'MLe"lnouse = T]ne lac,( of

COY]Y]eC-hOY].S L)e‘l'ween

COURTYARD

Pas-t anc\ PY‘&S&Y\T.

nnerefo re 'Hne Y‘eSBSY‘CL\

focuses on |oekin9 or
inspiratiens ¢rem
Vietnamese vernacular
architecture, in this
case is the vses o

internal ceurtyard.

| TYPICAL CROSS SECTION !
: :
| ,r | |
! Ty . | 1 :
& = T - ' = e
2 N i =
: | L : _I[ | ! — | A4 :

: 1
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ZONING AND PROGRAMS

Floor Plan
Basecase Modernized
=33 m? =35 m?
Living Areas - Light Shaft - Elevator, Staircase — - Circulation
Facades
Transsolar Final Project Presentation
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ﬂne L)iqqes‘l' Aﬂicuﬂ'\f s
c\iﬁer‘ences in corfexts
between past and
pr‘esen‘t especia“\f 'Hne
c\ensﬂ'\f of ]nouses N
moder cifies.

-nne |ivinq space IS NOW

,or‘oken iifo Two ins‘feacj
of one in order To gully
taking advantages o
both ¢acades. ].n

acuihon, "ghfShd'fS are
cr‘ea‘fec‘ wTHhin insic‘e 'Hhe

house.

-nne winc‘ow areas are
a|so rec‘ucec‘ To |imft
so|ar‘ r‘acjia'hon qe‘ﬂ'\nq
irfo 'Hne spaces.



DAYLIGHT AVAILABILITY: COMPARISON

3

I
ANANNS

Basecase

sDA =25%

300,50%

sDA =29%

300,50%

L

Retrofitting | L

T L
—

sDA =27%

300,50%

sDA =42%

300,50%

Modernizing

sDA =41% sDA =61%
300,50% 300,50%
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The new design has
better pergermance in
term o¢ daylight in

beth climates. B\f
\navinq a reasonaue
sizinq J[-or‘ ‘Hne spaces,
“Hner‘e IS No clar‘k corner

in.sicle 'Hhe rooms.



DAYLIGHT AVAILABILITY: COMPARISON

3

Basecase | ]

sDA =43%

300,50%

Retrofitting

sDA =44%

300,50%

i
sDA =63% sDA =74%
300,50% 300,50%
B
_ _
Modernizing
sDA =100% sDA =100%
300,50% 300,50%
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For‘ upper‘ |e\/e|s, Now

we can ensure having
daylight 100% with
mininum o 300lux

during occuPdﬁon time.



THERMAL COMFORT AND ENERGY USAGE: COMPARISON
> HANOI

Slightly Cold

Comfortable Slightly Warm Warm
PMV < -0.5 -0.5<PMV<0.5 0.5<PMV < 1.5 PMV > 1.5
BASECASE
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Dec
- Slightly Cold 1797 Hours - Comfortable 6618 Hours - Slightly Warm 345 Hours Warm 0 Hours
RETROFITTING
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- Slightly Cold 265 Hours - Comfortable 8477 Hours - Slightly Warm 18 Hours Warm 0 Hours
MODERNIZING

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- Slightly Cold 253 Hours - Comfortable 8490 Hours - Slightly Warm 17 Hours Warm 0 Hours

Energy Usage
Lighting B Cooling = Ceilingfan  ® Produced by PV
I -
RETROFITTING . -
/
/
MODERNIZING . -
0 10 20 30 40 50 60 70 80 90
Electrical Energy Demand (kWh/m?a)
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Interm of thermal

comfor‘i' , 'Hhe new c\esiqn

s s|iq‘n'ﬂ\1 ,oe‘lfer‘ 'Hnan 'ﬂne
r‘e‘fr‘ofﬂfec\ Aesiqn.

This result applies ¢or
rooms at lowest levels,
what can be expected
is the bigger
imprevement on uvpper

levels.

\i\lfﬁn a r‘ouq)n calcu|a'hon,
a|W\os'l' a”'ﬂhe enerqxf

consump‘hon o\c'ﬂne
\nouse can L)e met L"f
]navinq W pane|s on
r‘ooﬂ'op.



THERMAL COMFORT AND ENERGY USAGE: COMPARISON
>¢  HOCHIMINH CITY

3 . . .

Slightly Cold Comfortable Slightly Warm Warm
PMV < -0.5 -0.5<PMV < 0.5 0.5<PMV < 1.5 PMV > 1.5

2

BASECASE
° J;n Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- Slightly Cold 25 Hours - Comfortable 8704 Hours - Slightly Warm 31 Hours Warm 0 Hours
RETROFITTING
Jan Feb M Apr May Jun Jul Aug Sep Oct
- Slightly Cold 28 Hours - Comfortable 8716 Hours - Slightly Warm 16 Hours Warm 0 Hours
MODERNIZING
’ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
« Slightly Cold 27 Hours - Comfortable 8725 Hours - Slightly Warm 8 Hours Warm 0 Hours
Energy Usage
Lighting B Cooling = Ceilingfan  ® Produced by PV
/===
RETROFITTING 1 -
/
MODERNIZING 12
0 10 20 30 40 5I0 60 70 80 90
Electrical Energy Demand (kWh/m?a)
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Same sﬂ'ua‘hon as N
Hanoi case, 'ﬂﬂe new

c‘esiqn s sliq\v’\ﬂ\] Le‘ﬂer

l than the. refrofifed

Aesiqn. leo ‘ﬂne

po'ten'ha|s for‘ qenera‘hnq
enerq\i from Pv .s]nouu
al.so Lne Taken in‘to

consicler‘a'hon.
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Tr‘av\ssolar‘ Qcazjem\’

4 | for"ﬂne oppoﬁunft\i.

r. Ond,
: Transsolar for L)emq
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