&

3

A 4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

Detall technical resolution

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Figure 111 Closeup photograph of Livesey scrubber
Figure 112 Steel structure in Retort 2 interior

Figure 113 Livesey washer deconstructed envelope and piping exposed
Figure 114 Western enfrance to Retort No 1

aterial palette of the Gas Works
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Figuieh 15 CWS piarni castern elevation with structure expressed in facade
Figure 116 Retort 1 western facade with brick-clad cross bracing expressed
Figure 117 Opening detail of Retort No 2 northern facade
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onstruction technigues and detalls
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Figure 118 §’reel structure of Retort No. 1
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Figu 19 u’r—eos’ren fcde of Retort No. 1

B ST

Before deciding on a technological concept to re-
solve the construction methods employed, a thor-
ough understanding of the constfruction fechnology
used on the Gasworks site is necessary. In a scheme
that seeks to respond fto heritage, the materiality,
scale and construction need to be resolved in such
a way that the uniqueness, the Genius Loci of the site
is maintained whilst still standing apart as a response
or a “translation” into contemporary architecture.

The most iconic buildings on the Gasworks site, the
no. 1 and 2 retorts, offer a helpful understanding of
how construction was used to embody the require-
ments of the coal to gas process. Since the process
of coal burning and gas extraction required great
height, steel construction was used to make the
frame or skeleton of both retort buildings. Brick was
used merely as an infill or envelope around the frame
and it was done in such a way that the structural
frame expressed itself in the facade - albeit more in
the case in Retort No. 1.

© University of Pretoria
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Figure 120 3D diagram illustrating facade
detailing of Retort no. 1 & 2.

P o e R

Figure 121 Steel and concrete junctions of Retort No. 1 (Lauferts le Roux & Mavunganidze 2016: 21)
© University of Pretoria 144
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anslating hertage elements into design

Figure 122 Concrete defcuhng Ground openings ond s’rruc’rurol Flgure 123 Ch|mney ’rowers the relohonshlp
expression (Photograph by Author, 2017) between openings and structure (Photograph

by Author, 2017)

/f""f'l"'/'—\

Figure 124 Brick eave detailing (Photograph by Flgure 125 Ch|mney ﬂues of Retort 1 (Pho’rogroph by Author,
Author, 2017) 2017)
145 © University of Pretoria
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Verticality of the chimneys

Chimneys are an integral part of the
function and architecture of the Retort
buildings and offer cues for the design
of pragmatic elements such as solar
assisted  stacks in newly  built
intferventions.

Expression of structure

Make the structural system evident in
particular elevations

Alternative brickwork as cladding

The typical stretcher bond seen in the

brick heritage buildings adds a certain
rigidity to the elevatfion. It was
prioritised to employ alternative brick
shapes and bonds fo make a
distinction between the nature of the
old and new industries

Particular details

Paying respect to specific details such
as eave details, roof details, window sill
and lintel details seeks to fie new built
inferventions to heritage buildings
more succesfully.

Figure 126 Constfruction elements of Gas Works site deconstructed (Author, 2017)

© University of Pretoria
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Below: Figure 127 Wind direction Gisinoution or Jonannesburg showing 12 month overlaid. Image
sourced from

imatic analysis

NNW o NNE Conclusions

NW - Following the climatic analysis of the site it was found
' that in the detail technical resolution stage of design
development north-northwestern wind would have
to controlled since a significant access route and
recreational open space (water park) was aligned
according fo this direction.

WNW ENE

w 141210 8 6

Johannesburg is located within the cold interior cli-
matic zone of South Africa (SANST0 400-XA:2011).
This, coupled with the fact that building No. 2 (north-

A ernmost on Figure 130) has a large excavated ser-
SW SE vices floor, the main passive strategy employed for
both buildings was passive ventilation through Trom-
be assisted stacks and geothermal piping.

WSW oN ! /7 ESE

Figure 128 Summer solstice shadow paths Figure 129 Winter solstice shadow paths
147 © University of Pretoria
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Right: Figure 131 Structural system of Building 1{RoINor, 2017]
Below: Figure 132 Reference plan for building 1 (Author, 2017)

tructural system Building 1

Structural system

For Building 1, it was decided that the structural sys-
tem should follow the same spacing as the purifico-
tion plant ruins, which are spaced 5,3m apart longi-
tudinally. Structural steel is employed for the primary
and secondary structure and brick as skin in order to
employ the same consfruction method as used in
the Retort buildings.

Permanent shuttering floor

Bond-dek permanent shuttering is used in the con-
struction of the first floor and roof slabs. This is an
economical options since this product can span 3m
unsupported under wet concrete (saving on props)
and it eliminates the need for reinforcing.

[Primary structure |

[Secondary structure]

[Floors and Roofs|

[T

Il

\ & .
149 © University of Pretoria

. 254x254 steel H-columns

. 203x203 steel H-columns

. 203x133 steel I-sections

254x146 steel I-sections
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Right: Figure 133 Structural system of Building 2(Roinor, 2017]
Below: Figure 134 Reference plan for building 2(Author, 2017)

tfructural system Building 2

Structural system

Building 2's structural system is a series of portal frames
supported in some instances by 2000x200mm con-
crete columns, which form part of the passive ven-
filation strategy explained later. Steel construction
also enables the building to be lifted from the ground

[Primary structure |

where the building overlaps with the gas tank hole
within which it partially sits. The building also makes
use of permanent shuttering for reasons mentioned
in Building 1's explanation.

[econdary structure]

254x254 steel H-columns

203x133 steel I-sections

203x133 steel I-sections

2000x200 Reinforced
concrete

151
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Below: Figure 135 Trombe wall detail at scale 11o 50,
Right: Figure 136 North-eastern elevation showing continuity between Trombe wall and external stair in elevation
at scales 1 to 200 and 1 to 100

assive ventlation Bulding 1

wind-driven extractor
single sheet glass
300mm concrete slab for thermal mass
80mm ISOboard insulation
from interior
Trombe assisted stack

N/

As can be seen in Figure 136, the Trombe assisted

stack fulfills the practical role of drawing stale air out

of the building and the aesthetic purpose of con-
s /3 tinuing and ending the diagonal geometry initiated
by the stair. This aesthetic aim is especially success-
ful when employed at a sufficient height to form an
overhang for a bench as can be seen in Figure 135

.
s

e -
.- -
4

O NN NN N N NN NN

The Trombe wall is slanted to an angle of 26° since
7 solar radiafion would be optimized if the system is
fited to the same angle as the latitude of the loca-
tion of the building. Geothermal pipes installed under
the building will supply the interior space with air at a
moderate temperature.
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Thermo-motive engine
Air from interior spaces

2 r Air inlets from geothermal pipes
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Figure 137 Building 2 cross section showing‘b‘ésgwgiVghvr?léuflg?{‘s’rro’regy at scale 1 to 100

Figure 138 South-eastern elevation of building 2 showing Trombe wall system as implemented in the
facade
Figure 139 Trombe wall detail at scale 1 to 50 showing possibilities of implementation at either level.

assive ventiation Bulding 2
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wind-driven extractor
single sheet glass
300mm concrete slab
80mm ISOboard insulation
50mm ISOboard insulation
againt brickwork

removable panel
for ease of access

Air extraction into ducts
hermal pipes
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eothermal pipes and ventlation strategy

157 © University of Pretoria
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The implementation of geothermal earth
tubes and Trombe assisted stack ventilation

Volume to ventilated: 1250 cubic meters
air change rate required: 15 air
changes/hour (industrial)

Precedent study:

volume to be ventilated: 600 cubic meters
air change rate required: 8 air
changes/hour

length of pipe installed: 180m

For this scheme it is proposed that there be
installed 500 meters of geothermall
earthtubes to assist with the ventilation of
the submerged service level. Typically, the
installation of the amount of pipes below
ground require severe excavations over
large surface areas. For a site as sensitive
as the Gas Works it was decided to lay the
pipes within the earth moud proposed for
gas tank no. 3.

Service level plan. Scale 1:200

(showing geopipies path and overhead
ventilation ducts
connected to Trombe assited solar stack)

Figure 140 The implementation of geothermal earth-tubes (Author, 2017)

© University of Pretoria 158
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onstruction detailing

B

C

Utilizing brick in new ways

As mentioned on the previous page, using brick in a
new way creates a distinction between the rigidity of
the large scale brick facades constructed in stretch-
er bond and the new building. By using the external
angle 45 brick on the north-eastern facade, not only
can the front facade be read in conjunction with
the front facade of Retort No. 2, but the diagonal
protrusions created by repeating the brick will create
different variations of shadow patterns on Building 1's
facade throughout the day.

Although the existing brickwork on site is typically
employed as a thin skin wrapped around the build-
ing structure, the facade of building 1 aims o realize
more of the potential of the material than being a
mere envelope. By creatfing more depth in the fa-
cade, the brickwork is also used a means of solar
conftrol.

159 © University‘o'ic Pr
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Top: Figure 141 The implementation of Corobrik external angle 45 brick into building facade (Author, 2017)
Left: Figure 142 Recessed brickwork as a means of solar control (Author, 2017)
Right: Figure 143 Recessed brickwork and the effect on building 1's facade (Author, 2017)
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SECONDARY STRUCTURE

. 254x146x37 steel | section frames . 300x90x41 parallel flange channels 80mm ISOboard insulation glued to underside/
. . of concrete slab
| Reinforced concrete [l 305x165x40 steel sections 300mm reinforced concrete slab J
back to back 300x90x41 parallel flange channels Stainless steel flashing to lap over glass fra_’“ej
Whirly bird J
13mm laminated single clear glass
. 200x146 steel | section 200x50 mild steel angle bolted to concrete slab —

Galvanized and painted 300x90x41
parallel flange channel welded to
cantilevered parallel flange channel
at either end. 0,6mm galvanized
steel flashing to be fixed to
underside of channel and to lap over
minimum two ribs of roof sheeting

sealed solid timber panel installed
info aluminium frame

painted black 38x38mm Fibreglass
grating by Mentis bolted to 152x89x17
Tapered flange channel.

80x80mm square hollow section
beyond

110x22mm Ecowood composite
timber decking screwed to 38x38
timber substructure and loose laid
on screed to fall with singel layer
of bitumen based torch-on

waterproofing layer.--—- e

FFLESO0.00
<z Refer fo Detail A

Aluminium counter flashing fixed to side —~
of lipped channel and from above. To be
fixed through serrated closer
150x75mm lipped channel —~
Serrated closer —~
Silocone seal
Roof sheeting to be concealed fix klip-lok 700 o.5mm thick light industrial Z450 spelter
galvanized steel sheeting and accessories by Brownbuilt fixed to 150x75mm cold formed
lipped channels at 1750mm centres.
Insulation to be 80mm ISOboard inslation panels installed in between lipped channels
underneath vapour barrier.

5250 5250 i 5250 5250

@ @

LA T

L Spring equinox solar angle

Floor finish to be light grey
screed by Flowcrete on prim
on 250mm composite Bond-D

1.2mm thick compo:
shuttering installe
requirements.

d-Dek permanent
r specifier's

: |

I |

] |

] |

] I

] |

I I

] |

] I

] |

] I

| |

| Ventilation extraction duct [to| Tr
! assited stack bay 2 [
i

]

1/

|

i

|

|

|

|

if ~ - e ., - - B oo .

Diagonal beam beyond
13mm clear laminated
glass beyond

Ventilation
to Trombe

50mm laid on min 200mm concrete slab g
into k permanent shuttering fixed fo 3
beam: at 5250mm centres.

ent joint between 10mm hi

ty Poly Ethylene drainage pipe laig

risoom st bin cast in-situ and with hol downward to 1150 deg slope.
ete floor slab i =
P00
o
-

painted black 38x38mm
fibrelgass grating by
Mentis bolted to steel
balustrade frame

FFLO0D

LONGITUDINAL SECTION. NTS

161

I

reinforced concrefe compost bin to be cast in situ
Full bore outlet with fine steel mesh and geotextile layer over.

one layer bitumen based torch-on waterproofing layer

110mm diameter Drainex HDPE drainage pipe encased within
no-fines concrete of300mm thickness to all sides.

© University of Pretoria



220x22mm composite timber decking by Ecowood installed with Ecoclips screwed to

3 Whirly bird

’ Trombe roof detail to end against end wall.

Valley gutter

/ Ridge flashing

:—roof sheeting to 2deg slope

38x38mm fibreglass grating to Dark Grey colour by Mentis bolted at top
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25Lx246 steel | section

Sondor closed cell poly-methane

foam strip

Brickforce

15mm plaster

15x15 aluminium c-profile

Floor finish to be 40mm cement screed
on 250mm composite Bond-Dek concrete
slab

50mm screed

Expansion joint in mortar

TROMBE ASSISTED SOLAR STACK DETAIL. NTS WALL TO FLOOR CONNECTION OF MUSEUM. NTS

and bottom end to parallel flange channels at 1000mm centres.

black painted 203x133x25mm steel | section beyond

38x38mm timber batten substructure as per suppliers specification.

38mm timber batten substructure laid onto waterproofing membrane 100x100x8mm equal leg angle
welded to parallel flange channel.
1 layer torch-on bitumen based waterproofing screed of 40mm minimum thickness
to 1 deg fall. |

Bond-dek permanent shuttering |

concrefe deck of 170mm thickness
underneath deck. i

100x300mm parralel flange channel

CoCL L)

\ .
Un'rrea'red\and chamfered 150x50mm” timber
frame screwed to parallel flange"channel

32mm dia. polyethylene sparge pipes cast
info reinforced concrete retaining wall at

450mm centfres. DETAIL A. NTS
15mm plaster. 10mm mitred joint to be left above chamfered screed

Floor finish to be 3mm Epoxy Self-Leveling on primer
on min. 50mm screen on 250mm composite Bond-Dek
concrete deck. Epoxy mixture to be raked after
pouring using @ 6mm notched trowel and spread evely
at a thickness of 3mm. Mixture to be de-aerated and
leveled with a spiked roller for 20 minutes after

/ paving fto 1 deg falls

application.

concrete floor slab of minimum 150mm
thickness.

250micron polyolefin damp proof membrane

polycover by Fibretex geotextile layer

no fines concrete laid on soil to 1:150 fall of
minimum 300mm thickness below drainage pipe.

110mm high-density Poly Ethylene drainage pipe laid
with holes facing downward to 1:150 deg slope.

\ o Fas
280mm thick concrete retaining wall \ SR ’?
with 34mm diameter sparge pipes o N
cast in at 450mm cenfres vertically . B .A v
and every 4 meters horizontally \ vd '“." /
b
e‘ L

RETAINING WALL DETAIL. SCALE 1:10

© University of Pretoria - o
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— Doutle cant brick
" Wheley bird furbine ventistor
o asinated glass fixed within aluiniun frame

_— 300mn reiforced concrete siab

S0 1SOboard insutaton ued fo underside
7 ofrentoried comete s

= Untreated 20mm Orinted strand bosrd screwed af 400

7 amcentres o mid sheel angles.

- o

painted 15248917 galvanized stee faper flange chamnel boted 10 undersie of concrete beam
Dained SDCE0R3 mm qavanzed mid 31eel ance elded 1o 1apar flange hommel

Galvanized steal fasting screwed to 150xTSmn Ugped
channel @ Z00mm centes wih 2.2nm danater sheet

/it screws Fising to lop over e s teoigh
/- Serrated dose by mm,

/

-

150cTSnm cold forned lpped chamel
painted and gavanized seel fashiog screwed fo Z0mm 058
board @ 200 centes with 2.7nm dlaneter sheet

melal screws.

sheeting fo be concealed fix Kip-lok 700 05 hic light industrial 2450 spelter
galvnized stee sheeting and acessaries fixed 1o 50x75m pped chamels
iz s,

T,

Sl 1SOb0ard insutsion fo b installed behind S0x38mn finber batten support

et

T\Qﬁﬁ??m 053 b it oo s oSt oS

oS S
PSS

BN
= oo \\\\i\\
e

NG

o e o o e s st o }

A REARNANARANNNNRANNRRNANNRRESRRRR AR NA]

A

/ 1.2mm thick comgosite Bond-Dek permanent .]unmnu installed as per specifies’s
‘ i requirements. .
1 - —— Max 100mm
‘Stair construction to be 203x102x25 tapered | section stringer beams welded to. \ — o TR N g
s I e =
T[]

TTTTIIT

Floor fnish fo be 3am Epoxy Sel-Levalig on priner on min. S0mn screen on 250w t

canposite Bond-Dek concrete deck. Epory micture o b raked affer pouring wsing
e nofched trowel and spread evely af 3 fickness of 3nm. Histure o be
de-atrated and levelad ifh 3 spved rolle for 20 winutes afler aplcation
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Figure 144 Building 2 detail section through southern facade (author, 2017)
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PRIMARY STRUCTURE
M 254x146x37 steel | section frames

/

SECONDARY STRUCTURE
305x165x40 steel I-sections

FLOOR AND TERTIARY STRUCTURE
Floor: Bond-Dek composite concrete deck
Purlins: 150x75mm lipped channels

Galvanized and painted serrated flashing fixed with sheetmetal screw to
roof sheeting and 0SB board

150x75mm cold formed lipped channel

Dark grey painted 200x200x8mm continuous equal leg angle welded to
portal frame at overlaps

25mm 0SB board fixed with countersunk screw to 200x200mm steel angle
and 80x60mm mild steel angle

80x60~mm mild steel angle welded to 254x146
steel | section

Vapour barrier installed underneath roof sheeting

38x38mm fibreglass grating to Dark Grey colour by Mentis
and aluminium frame bolted at top and bottom end to
steel | sections.

Roof detail Northern facade. NTS

5690

. 'E)&errial stair detail. NTS

15mm thick dark grey
slip resistant floor tile

38x38mm fibreglass grating to Dark Grey
colour by Mentis loose laid on mild steel angle

50x50x3mm stainless steel square hollow section.

- 715x50mm galvanized and painfed
unequal leg mild steel angle frame

screed to minimum thickness of 40mm
laid to fall to nearest outlef

one layer bitumen based torch-on
waterproofing

inimum thickness screed to fall
to ouflet

reinforced concrte surface bed

concrete coping
Topmost brick course laid
diagonally in stretcher bond
/ Inner brick leaf to be built on
) reinforced concrete stair
ay one layer bitumen based torch on
// waterproofing layer lapped up
against outer brick leaf
~15mm thick dark grey slip
/ resistant floor tile
/ - Stair riser to be two klompie brick
g " pavers laid in strecher bond.

6

5630

Trombe assisted solar stack
Lift beyond\
\

Roof sheeting to be concealed fix klip-lok 700 o.5mm thick light industrial
Z450 spelter galvanized steel sheeting and accessories by Brownbuilt fixe

to 150x75mm cold formed lipped channels at 1750mm centres through vapour .
barrier.

38x38mm fibreglass grating to Dark Grey colour by Mentis and L

1 deg. roof slope

1/0 frame 17380.00
v

aluminium frame bolted at top and bottom end to steel | sections.

primed 50mm screed on on 250mm composite Bond-Dek concrete
deck.

38x38mm fibreglass grating to Dark Grey colour by Mentis bolted and
aluminium frame bolted at either end to parallel flange channels.

Concrete coping

Floor finish to be light grey Peran STB 3mm screed by Flowcrete on\

|~ Steel box gutter

I~ 38x38mm fibreglass grating
to Dark Grey colour by

Mentis bolted and
aluminium frame bolted at
top and bottom end to

/
Trombe assisted - steel | sections.

ventilation ducts

Vent for

- Handrail to detail

FEL 1324500
v

[~ 15mm tiles on one layer

Handraill 7 = N

bitumen-based torch on

~ Kaytech A6 bidim geotextile layer on

| ABE dimple drain on one layer bitumen 5]' ;
based torch-on waterproofing on
screed of minimum thicknes of 50mm to
falls,andschamf dat: walbjungtion.

waterproofing on screed of
minimum 40mm thickness
screed to falls.

Paving to be laid at 1deg.
slope.

FFL900000
v
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125mm concrete slab on 250

micron polyolefin damp proof
membrane.

Electric extractor fan installed

into existing wall

280mm thick concrete retaining wall with
3Lmm diameter sparge pipes cast in at
450mm centres.

© University of Pretoria

125mm reinforced concrete slab on 250 micron
polyolefin damp proof membrane. Floor finish to
be light grey Peran STB 3mm screed by
Flowcrete on primed 50mm screed

Building 1 cross section. NTS )
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Building 1 Southwestern Elevation prior to iterations
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Overlit/ Underlit areas study

Baseline test on Building 1 ground floor

85% 68%
DA Im asem |
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Findings

one was
conducted, it was found that the steel and glass

After a daylight analysis of buildin

constructionatthe northern end of the building dealt
poorly with overlighting in the ground floor
aquaculture and first floor restaurant area. With
almost the entire restaurant area being overlit, it was
clearthatnumerousiterationswouldhavetoimprove
the situation.

lteration one entailed the intfroduction of vertical
and horizontal louvres on the Western facade
between the structure and the skin of the building.
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lteration two entailed the implementation of solid
infill panels in between the first floor slab and the
horizontal louvres proposed in iteration 1.

lteration three entailed installing three vertical
shading screens that each filled half a bay in the
westemn facade. These screens could either be part
of the skin or as seperate entities part ofthe structure.

¢ 1

Figure 145 Building 1 baseline over/under-lit study (Sefaira, 2017 and edited by author)
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Building 2 Basement level prior to i’rerci B
Overlit/ Underlit areas study
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After a baseline test was conducted it was found that the
basement service level was underlir. Therefore, a series of

iterations sought to improve the daylighting of this floor

lteration 2 - The addition of windows in the

retaining wall

[teration 3 - The addition of windows in the waste

delivery area and longer linear skylights in the lookout point.

B Underlit (Less than 300lux for more than 50% of occupied hours)

| Overlit  (Over 1000lux of direct light for more than 250 occupied hours per year)

Figure 146 Building 2 baseline over/under-lit study (Sefaira, 2017 and edited by author)
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Figure 147 Rainwater harvesting strategy (Author,2017)
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Table 1. Rainwater collection

SURFACE | Area Runoff
(m32) Coeff.
Roof 2924 0,9
Pond 434,8 |1
3358,8 [0,91
MONTH | Ave. rainfall | Yield
(mm) (m?)
Jan 139 426,23
Feb 108 331,17
March |91 279,04
April 62 190,12
May 21 64,39
June 9 27,60
July 7 21,46
Aug 8 24,53
Sept 28 85,86
Oct 74 226,91
Nov 118 361,84
Dec 125 383,30
2422,46
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wWATER DEVIAND FUR APPLIANCES

Appliance | Quantity| flow rate|liter/use | Usage/day |liter/day | liter/week
I/minute
public toilet 4 - 4 64 256 1536
staff toilet 2 - 4 10 40 240
Urinal 1 - 1 180 180 1080
handwash basin 6 12 1 100| 100 600
shower 2 24 3 72 432
Dishwasher 1 - 180 1 180 1080
Kitchen basin 2 12 - 16 192 1152
TOTAL 1020 6120
WATER DEMAND (m?3)
50
25 ( D
0
o’bd \»’Z’é & & @@* & » ¢ & & & &
R R )
24 < N

RAINWATER YIELD AND DEFICIT CALCULATION

Yield El Water demand

Actual yield (evaporation included) - Water deficit
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Storage volume required= 40m?® x 3 months = 120m?. Therefore, the dam
proposed in the foundation of Gas tank 3 with an area of 434 m? and average
depth of 1,5 m will suffice.
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