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INTRODUCTION
Rising awareness and interest in environ-
mental and global warming challenges 
have grown significantly in recent years, 
leading to a call for sustainable hous-
ing technology and methods within the 
construction industry (UN Habitat 2016). 
This has sparked renewed worldwide 
interest in the use of timber for construc-
tion (MGA 2012). Timber remains unique 
as it is one of few construction materials 
with a negative carbon footprint before 
processing (MGA 2012). During its 
‘manufacturing period’ (growth) it takes 
in atmospheric CO2 and releases O2 dur-
ing photosynthesis. This contrasts with 
steel and cement which were responsible 
for approximately 5% (2003) and up to 
7% (2002) of global greenhouse gas emis-
sions (Anderson et al 2015). Taking this 
into consideration, research has shown 
that timber is renewable, and is the best 

performer across most environmental 
impact factors when compared to build-
ing materials such as steel and concrete, 
with particularly good performance 
in terms of greenhouse gas emissions 
(Crafford & Wessels 2020; Petersen & 
Solberg 2005; Sathre & O’Connor 2010; 
Upton et al 2008; Wang et al 2014; 
Werner & Richter 2007).

Forte Living is a 10-storey mass timber 
building in Melbourne constructed with 
759 cross-laminated timber (CLT) panels. 
After completion it was estimated that 
the building has a 22% lower carbon 
footprint compared to similar reinforced 
concrete structures (Arup 2019). In light 
of such case studies, timber construction 
is  promoted as a more environmentally 
friendly and sustainable building mate-
rial when sustainable forest manage-
ment is practised (as opposed to steel 
and concrete).
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High-rise timber buildings have experienced a resurgence internationally during the past two 
decades. This paper presents an investigation into the financial feasibility of a multi-storey 
mass timber building for South Africa through a development cost comparison. Two 8-storey 
commercial buildings – a mass timber frame and a reinforced concrete frame – were first 
designed by independent engineering consultants. A focus group workshop, conducted with 
industry professionals, assisted with the development of construction schedules. Subsequently, 
a financial model was developed to determine the overall development cost and financial 
feasibility of each option. Finally, a sensitivity analysis was conducted to investigate the effect of 
certain variables on the overall profitability of the mass timber frame development.
 The focus group workshop identified that the construction of the reinforced concrete frame 
building and mass timber frame building will take 42 weeks and 21 weeks, respectively. The total 
capital investment required for the mass timber frame development was found to be 10% more 
than that of the reinforced concrete frame development (R115 691 000 versus R 105 118 000).
 A five-year internal rate of return (IRR) of 20.9% and 25.7% was calculated for the mass 
timber and reinforced concrete frame developments, respectively. A significant finding of the 
sensitivity analysis was that the mass timber frame building proved to generate a higher five-
year IRR than that of the reinforced concrete frame once the mass timber building achieved a 
rental premium of 7.8% or more. The sensitivity analysis further showed that the importation 
of the mass timber elements remains an expensive option, with a 16.4% five-year IRR for the 
imported mass timber frame (at a R17:€1 exchange rate).
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As a result, high-rise timber build-
ings have experienced a resurgence 
internationally during the past decade. 
Approximately 20 mass timber buildings, 
which are six storeys and higher, have 
been completed since 2010, while in 2017 
more than 13 multi-storey mass timber 
buildings (seven storeys and higher) 
were under way (Forestry Innovation 
Investment 2017; Salvadori 2017). The 
growth in the market share of multi-
storey mass timber building has sparked 
interest among South African property 
developers, and architecture, engineering 
and construction (AEC) professionals. 
Questions have arisen – upon comple-
tion of previous research on mass timber 
elements by the authors – regarding the 
potential development cost of multi-storey 
mass timber buildings and how this would 
compare to a typical building system used 
in South Africa. The new-found interest in 
timber construction among South African 
industry professionals merits research in 
mass timber construction (MTC). It would 
be of interest to see how the application 
of mass timber compares to that of rein-
forced concrete, since reinforced concrete 
is the most dominant construction mate-
rial used in South Africa (Drennan 2017). 
Previous studies internationally have 
made comparisons between timber and 
conventional construction options, but 
no such comparison has been made for 
the South African industry (MGA 2012; 
Smith et al 2018; Timber Development 
Association NSW 2015).

This paper presents a development cost 
comparison between a multi-storey mass 
timber and a reinforced concrete building 
in South Africa. The aim is to assess the 
feasibility of using mass timber in multi-
storey structures in South Africa.

DESIGNS

Conceptual designs and design loads
The building considered for the study is a 
fictitious 8-storey upmarket commercial 
building situated in the Sandton central 
business district (CBD). The building 
footprint is 2 430 m2 with a gross floor 
area (GFA) of 5 472 m2 for the eight storeys 
(excluding lift and stair shaft area). The 
floor-to-floor height is 3.5 m throughout 
the building, resulting in a total height of 
28 m. The building has a 66 m2 column 
grid from floors 1 to 8 as seen in Figure 1. 
The external face of the building is covered 

by an aluminium glass façade, while 
lightweight in-fill drywalls make up the 
office partitions. The timber and concrete 
buildings share the same basic layout for 
comparison purposes.

Design loads and limit states
The buildings in this study were conceptu-
ally designed by independent structural 
engineering firms. SANS 10160-2 (SANS 

2011) was applied to both structures. The 
reinforced concrete building was designed 
using SANS 10100-1 (SANS 2000), whereas 
the mass timber frame building was 
designed using Eurocode 5 (EN 2004). This 
is largely ascribed to the European consult-
ing firm’s familiarity with Eurocode 5 
(EN 2004) and a lack of information 
about CLT in SANS 10163-1 (SANS 2003). 
Both designs remain conceptual and are 

Figure 2  3D Revit (Autodesk 2019) model of concrete frame
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considered to be conservative (have not 
been optimised).

Reinforced concrete frame building
The structural analysis and design of 
the reinforced concrete building was 
performed by an independent consulting 
engineering firm in South Africa. Figure 2 

is an image of the 3D Revit (Autodesk 2019) 
model of the reinforced concrete frame 
building. A steel roof structure is assumed 
for both the concrete and mass timber 
frame buildings.

Lateral stability is provided by the 
reinforced concrete core and shear walls. A 
flat slab system with an external ring beam 

is the system of choice for this particular 
design. Research by Drennan (2017) has 
shown that a post-tensioned slab is a 
cheaper alternative for concrete slabs (espe-
cially in the case of long-spanning slabs). 
However, normal reinforced concrete 
remains the most common building tech-
nique in South Africa. As such, and due 
to the 66 m2 column grid, it was decided 
to simplify the design by selecting normal 
reinforced concrete. Table 1 provides a 
summary of the dimensions of the main 
concrete elements within the building. 
Upon a design review it was realised that 
a raft foundation may have been more 
appropriate, given the large dimensions of 
the footings (resulting from the low safe 
bearing pressure chosen).

Mass timber frame building
For this structural option a realistic tim-
ber building for South African conditions 
was envisaged. It takes into account the 
timber products that are currently manu-
factured in South Africa, as well as the 
skills and expertise of the carpenters/con-
tractors as raised during the focus group 
workshop (discussed further down in the 
section titled “Focus group participants” 
on page 38). As such, the design can be 
considered conservative (as in the case of 
the concrete structure). The structural 
analysis and design of the building were 
performed by an independent consulting 
engineering firm (located in the Czech 
Republic) with previous experience of 
mass timber frame structures. Figure 3 
is an image of the 3D Revit (Autodesk 
2019) model of the proposed mass 
timber structure.

A column-beam system with a CLT 
core and lateral glulam bracing is the 
system of choice for the timber build-
ing. One-way spanning, 220 mm deep 
CLT floor panels span between large 
glulam beams as seen in Figure 4. Each 
CLT floor panel consists of seven layers 
(30-30-30-40-30-30-30) and is 6 m long 
and 3 m wide, with a total estimated mass 
of 1.86 tons per panel. The CLT panels are 
single span, simply supported on glulam 
beams (see Figure 4).

The structure of the proposed floor 
system is illustrated in Figure 5. A 50 mm 
screed layer protects the CLT from moisture 
damage and assists with vibration control. 
Additional sound insulation, separation 
membranes and sealing tapes are also 
recommended to ensure the floor system 
satisfies the necessary design requirements. 

Table 1 Summary of concrete structure

Element Location Depth (m) Width (m) Length (m) Quantity (no)

Footings (30 MPa)

Inner 0.8 5.1 5.1 10

Outer 0.7 3.2 4.1 10

Corner 0.6 3.0 3.0 4

Shear wall 0.8 4.0 8.0 1

Core 0.8 10.0 10.0 1

Inner columns

1–2 0.5 0.5 3.5 20

3–5 0.4 0.4 3.5 20

6–8 0.3 0.3 3.5 20

Outer columns G–8 0.5 0.5 3.5 16

Slab (35 MPa)
Surface bed 0.12 24 30 1

Flat slab 1–8 0.3 24 30 7

Ring beam 2–Roof 0.5 0.3 108 8

Walls
Core 0.25 33.8 3.5 8

Shear 0.25 5.5 3 8

Figure 3  3D Revit (Autodesk 2019) model of mass timber frame
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The floor system was designed using Stora 
Enso’s Calculatis software (Stora Enso 2019).

Initially, all the glulam beams and 
columns were designed as GL24h timber 
(imported timber). However, in the descrip-
tion below, South African timber species 
such as SA pine and saligna (eucalyptus) 
are considered. Varying dimensions with 
different timber species were therefore 
scrutinised by the authors in an attempt to 
optimise the cost of the structure. These 
options are discussed further down in 
the section titled “Development cost” (see 
page 40). The design completed by the 
Czech consultant only considered the use 
of GL24h timber. Alternative conceptual 
designs using South African timber spe-
cies were verified by the authors through 
calculations and structural analysis soft-
ware. The design completed by the Czech 
consultant for GL24h timber is presented 
in Table 2.

The mass of the reinforced concrete 
frame building is approximately 3.6 
times more than the mass timber frame 
option. As a result, the use of mass timber 
as opposed to conventional reinforced 
concrete for the structural frame resulted 
in a 68% reduction in foundation size 
from the concrete building for this 
particular comparison.

Connection design
Beam–column and column–column 
connections in the timber frame were 
modelled as fixed connections in the 
structural model as per recommendation 
from the Czech consultant. The beam 
column connection experienced a 
maximum shear force of 136 kN and 
maximum bending moment of 150 kNm. 
Figure 6 shows a 3D render of a proposed 
connection to resist such forces. A 
steel-plate-and-dowel system was 
recommended by the Czech consultant. 
An international supplier of mass 
timber connections provided additional 
assistance with the design and costing of 
the steel connections, membranes, taping 
and sound-proofing. The impact of less 
expensive hinged connections on the cost 
and beam element size was not considered 
and is a subject for further refinement.

Timber rational fire design
A rational fire design was performed by 
the Czech consultant, where the timber 
was initially assumed to be GL24h. 
Subsequently, a rational fire design was 
performed by the authors using S7 SA 

pine and S10 SA pine. As such, different 
cross-sectional dimensions are required 
to those presented in Table 2. Eurocode 5 
(EN 2004) was used throughout the entire 
fire design procedure. The reduced cross-
section method was applied for both the 
glulam beams and columns. The mass 
timber structure satisfies the necessary 
ultimate limit state (ULS), serviceabil-
ity limit state (SLS), and fire limit state 
requirements (FLS).

CONSTRUCTION SCHEDULE

Focus group participants
With the purpose of establishing a 
construction schedule, five industry 
professionals participated in a focus group 
workshop together with the authors. Each 
one of these participants practises in a 
different area of expertise and hence made 
valuable contributions. Table 3 provides 
information regarding the profession, 
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qualification, experience and position of 
each participant.

A week before the workshop 
commenced each focus group participant 
was provided with the 3D conceptual 
models of the buildings, as well as 
additional information regarding multi-
storey mass timber construction. The 
participants were required to complete 
individual construction schedules for 
the mass timber and reinforced concrete 
frame building, respectively. On the day 
of the workshop a number of assumptions 
which may have been unclear were first 

discussed and clarified. Following this, 
the construction schedule and Gantt 
charts of each participant were presented 
and discussed. Finally, a combined 
construction schedule was developed for 
the mass timber and reinforced concrete 
frame buildings.

Assumptions
The following assumptions were made dur-
ing the workshop:

 Q A single fixed crane would be required 
for both the concrete and timber 
building.

 Q The construction schedule for both 
buildings would incorporate finishes.

 Q A five-day work week, from Monday to 
Friday, would apply.

 Q Concrete for the slabs and beams was 
to be pumped, whereas the verticals 
(columns, shear walls and core) would 
be cast with buckets.

 Q A power float finish would be applied to 
the reinforced concrete slab.

 Q A prefabricated, deliver-and-build con-
struction technique would be applied. 
As such, excessive amounts of timber 
elements would not be stored on-site. 
The timber elements would be cut and 
shaped off-site.

 Q It was assumed that the South African 
multi-storey mass timber building 
industry is an established industry. 
Artisans would thus be familiar with 
the construction technique, and manu-
facturers would be capable of supplying 
material regularly and on time.

 Q It was assumed that the construction 
schedule remains unaffected whether 
the timber components are imported or 
locally manufactured.

 Q Internal finishes were all installed on-
site, despite the fact that services could 
be pre-installed in the factory for CLT 
elements.

Reinforced concrete frame schedule
It was assumed that construction would 
start on 6 January 2020. Figures 7 and 8 
show timelines of the main tasks scheduled 
for construction of the concrete and timber 
structures, respectively. Concrete work fin-
ished on 25 September 2020, while internal 
finishes for all floors were completed on 
20 October 2020 – approximately four 
weeks later. Overall, the total estimated 
time required to finish the building frame 
and internal finishes was 207 working days 
(approximately 42 weeks or 10 months).

Mass timber frame schedule
The time to construct the foundations 
and building substructure was assumed 
to be the same for both buildings for the 
purpose of this analysis, as can be seen in 
Figures 7 and 8. The mass timber frame 
was constructed significantly faster than 
the reinforced concrete frame. A five-day 
per floor turnaround time was deemed 
realistic for the timber building as opposed 
to the 15 days allocated for concrete. A 
total of 40 working days was required 
to construct the entire timber frame. A 
20-day fit-out time per floor was also 

Table 2 Summary of mass timber frame for GL24h

Element Location Depth (m) Width (m) Length (m) Quantity (no)

Footings (30 MPa)

Inner 0.6 3.2 3.2 10

Outer 0.5 2.4 2.8 10

Corner 0.4 2.2 2.2 4

Core 0.5 8 8 1

Columns (GL24h) 1–8 0.4 0.4 3.5 240

Internal beams (GL24h) 1–8 0.52 0.24 6 120

Ring beam (GL24h) 1–8 0.32 0.24 6 144

Bracing beams (GL24h) 1–8 0.26 0.24 18.32 24

CLT floors (220L75-2) 1–8 0.22 3 12 126

CLT floors (220L75-2) 1–8 0.22 3 6 14

CLT core (180 C35) 1–8 28 0.18 32.08 1

Table 3 Focus group participants

Profession Qualification Experience Company position

Project Manager BEng (Civil) 38 years Managing Director

Project Manager BSc (Building Management) 30 years Managing Director

Contractor BSc (Building) 21 years Contracts Director

Carpenter
Glulam Manufacturer

Master’s degree in Carpentry 23 years Owner

Carpenter
CLT Manufacturer

Bachelor of Architecture Studies 
(B.A.S)

12 years Director

Figure 6  Potential beam–column connection used in timber frame
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allocated for both buildings. The focus 
group saw this as a conservative estimate 
as CLT panels allow for the pre-installation 
of services off-site. The entire timber 
structure, including internal finishes, was 
estimated to be constructed in 104 working 
days (approximately 21 weeks or 5 months). 
This was five months earlier than the rein-
forced concrete frame, translating to a 50% 
reduction in construction schedule. The 
focus group noted that the true benefit of 
mass timber construction comes from early 
access for follow-on trades (fit-out). This 
is highlighted in Figures 7 and 8, where a 
total fit-out time of 136 days was required 
for the reinforced concrete frame building, 
whereas only 55 days were required for the 
mass timber frame building.

DEVELOPMENT COST
Several stakeholders assisted in the 
costing of the two buildings. Two profes-
sional quantity surveyors were involved 
throughout the costing process. Various 
manufacturers were contacted to assist in 
the costing of the mass timber frame build-
ing due to a lack of established multi-storey 
mass timber projects in South Africa. 

These manufacturers included CLT manu-
facturers, glulam manufacturers, steel 
connection suppliers, custom steel part 
manufacturers, and international suppliers.

Procurement of timber
Different options were investigated for the 
procurement of mass timber elements, as 
shown in Table 4. The first three columns 
with timber alternatives consider manu-
facturing the glulam elements locally in 
South Africa using different timber species 
and grades. The final column presents the 
estimated cost of importing the timber ele-
ments from Europe, which is dependent on 
the Rand-Euro exchange rate. The dimen-
sions of the timber elements vary according 
to the grade and species of timber specified 
in the design. Calculations were performed 
to determine equivalent cross-sectional 
dimensions based on similar ultimate 
bending resistances (approximately 
161 kNm) for the different grades and spe-
cies of the beams. A similar comparison 
was made for the glulam columns based on 
similar ultimate compressive resistances 
(2 150 kN).

An aspect which demands considera-
tion is the availability of a specific timber 

grade for a given timber species. S5 and S7 
SA pine is generally available from South 
African sawmills, whereas S10 SA pine is 
difficult to obtain. Manufacturers therefore 
resort to using saligna (eucalyptus) – a 
more expensive hardwood species – to 
manufacture S10 glulam beams. Table 4 
presents the cost per running metre of 
beam/column for the different options. 
Discussions with manufacturers indicated 
that it costs approximately R12 000/m3 
of S7 SA pine to manufacture glulam or 
CLT (Holzbau Carpentry Hess CC 2020; 
XLAM South Africa (Pty) Ltd 2020). The 
lack of S10 SA pine availability presents a 
challenge in determining a realistic cost 
per cubic metre of manufacturing glulam. 
A 20% premium has been added to the S7 
price for comparison purposes based on 
discussions with local suppliers (Holzbau 
Carpentry Hess CC 2020; XLAM South 
Africa (Pty) Ltd 2020). S10 SA pine is, 
however, not considered in the final Bill 
of Quantities due to a lack of availability 
and uncertainty surrounding the cost per 
cubic metre.

Given the above information and 
the assumptions that were made, S7 SA 
pine and S10 SA pine are the two most 

Figure 7  Timeline of reinforced concrete structure
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cost-effective solutions for the glulam beams 
and columns in the mass timber frame 
building. S10 SA pine beams could poten-
tially work out to be the most cost-effective 
solution given the R14 400/m3 assumption. 
S10 saligna and GL24h spruce remain the 
two most expensive options for this analysis.

The cost of glulam imported from 
Europe (also known as BSH) was approxi-
mately €630/m3 for untreated spruce. 
Guided by industry professionals from 
a local timber supplier, the total price 
(including shipping) for the untreated 
spruce equated to R15 863/m3, at an 
exchange rate of R17:€1. Analysis of the 
Rand-Euro exchange rate showed that any 
rate below R12.6:€1 (which is unlikely) 
could make importation of untreated 
spruce the most cost-effective solution.

Timber elements within buildings 
found in coastal zones require treatment as 
specified by building regulations in South 

Africa, i.e. SANS 10005 (SANS 2020). The 
proposed mass timber structure is assumed 
to be located within the Sandton CBD 
which is located outside the coastal zone. 
As such, it does not require additional 
treatment. However, timber will require 
treatment if the building were located 
within one of South Africa’s coastal cities, 
with an associated increase in the overall 
cost of the mass timber elements.

Interviews with manufacturing profes-
sionals indicated that current manufactur-
ing limitations within South Africa prevent 
the large-scale production of large cross-
sectional beams/columns typically required 
in multi-storey mass timber structures. 
The current conceptual design contains 
approximately 1 600 m3 of mass timber 
which will need to be manufactured over a 
70-day construction period. This translates 
into approximately 23 m3 of mass timber 
to be manufactured on a daily basis for this 

particular multi-storey mass timber build-
ing in order to avoid potential delays. The 
production of such high volumes of mass 
timber may prove to be a significant chal-
lenge for local manufacturers due to lim-
ited available production lines. As a result, 
importation of timber becomes a more 
viable option, despite the additional associ-
ated cost. Investment into the upgrading/
upscaling of machinery in the sector will 
inevitably alleviate the challenge regarding 
manufacturing. A fictitious situation was 
thus assumed where large mass timber 
products can be manufactured within SA.

Table 5 summarises the results of the 
investigation for different CLT procure-
ment options. Upon investigation it was 
found that the mechanical performance 
of S7 SA pine CLT requires testing to 
determine how its mechanical properties 
compare to those of C24 spruce CLT. It 
was assumed that the mechanical proper-
ties were approximately equivalent in order 
to perform the cost analysis. The price 
of 220 mm thick untreated C24 spruce is 
approximately €110/m2 depending on the 
European supplier. Guided by industry 
professionals from a local timber supplier, 
the total price (including shipping) of the 
CLT from untreated spruce equated to 
R2 761/m2, at an exchange rate of R17:€1. 
The price for producing CLT from S7 SA 
pine equates to approximately R12 000/ m3 
which is equivalent to R2 640/m 2 for a 
220 mm thick panel. From Table 5 it is 
evident that the S7 SA pine CLT is a more 
cost-effective alternative to importing CLT 
from Europe, given the above assumptions.

Total construction cost
The total construction cost is summarised 
in Table 6. The R11 445 000 difference in 
total construction cost translates into a 
20% increase in construction cost from the 
reinforced concrete frame building.

Table 7 contains the total construction 
cost including the P&G cost, contractor 
contingencies and contract escalations 
as per standard industry practice. Total 
costs of R75 638 000 and R65 311 000 
were calculated for the mass timber and 
reinforced concrete frame buildings, 
respectively. The mass timber frame build-
ing is R10 327 000 more expensive than 
the concrete frame building with regard to 
total construction cost.

Total capital investment
A well-established property development 
firm assisted in developing a financial model 

Table 4 Cost per metre comparison for timber beams and columns

Description S7 SA pine S10 SA pine S10 saligna GL24h spruce

Beams

Dimension (mm) 630×240 520×240 520×240 520×240

Cost/m3 R12 000 R14 400a R17 000 R15 863b

Cost per m R1 815 R1 797 R2 122 R1 980 excl treatment

Columns

Dimensions (mm)  394×394 368×368 368×368 380×380

Cost/m3 R12 000 R14 400a R17 000 R15 863b

Cost per m R1 863 R1 950 R2 302 R2 291 excl treatment 

Transportation cost of beams included in price estimate
a Assumed a 20% premium on the cost of S7 SA pine.
b R17:€1 Euro exchange rate; includes customs and import taxes, transportation and commission

Table 5 CLT comparison

Description S7 SA pine C24 spruce

Panel dimension 220 × 3 000 × 6 000 mm 220 × 3 000 × 6 000 mm

Cost/m2 R2 640 R2 761b

Cost per panel R47 520 R49 700 excl treatment

Transportation of CLT included in price estimate
b R17:€1 Euro exchange rate; inclusive of customs and import taxes, transportation and commission

Table 6 Total construction cost excluding P&G costs

Cost item Timber frame (R) % Concrete frame (R) %

Substructure and foundation 508 714 1 1 578 016 3

Structural frame 22 776 018 33 10 262 224 18

Non-structural components 45 156 768 66 45 156 768 79

Total 68 441 500 100 56 997 008 100
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to determine the overall development cost 
and financial feasibility of the ventures. 
Capital cost items such as land costs, con-
struction costs, professional fees, marketing 
costs and general costs (which include inter-
est during construction) were accounted 
for in the model. Overall, the total capital 
investment required for the mass timber 
frame building is R115 691 000. This is 
R10 573 000 more than the R105 118 000 
total capital investment required for the 
reinforced concrete frame building, which 
translates into a 10% increase.

Earlier return on investment
The current monthly rental fee for green 
certified office spaces in the Sandton CBD 
is approximately R150 per m2 whereas in 
the Cape Town CBD the rental is closer 
to R165 per m2 (Abland 2020). On-grade 
parking bays hold a further opportunity 
to earn an income from the development. 
Table 8 shows that the total monthly income 
for the development is R929 300 based on a 
100% occupation Sandton CBD office rental 
fee and on-grade parking. This results in 
a R4 646 500 income over the five months 
while the reinforced concrete frame build-
ing is still under construction. The effect of 
an earlier return on investment is presented 
below under the heading “Internal rate on 
return” and is quantified by calculating the 
internal rate of return of each development. 
Discussions by the authors revealed that a 
100% occupation for both buildings may 
be optimistic. A sensitivity analysis on the 
occupation rate should therefore be con-
ducted for future studies.

Interest during construction
Developments are typically funded through 
equity provided by the developer or private 
investors and a development loan obtained 
from an accredited credit provider (Abland 
2020). A 70:30 debt to equity ratio was 
assumed for this particular development. 
Money is drawn from the development loan 
once equity is exhausted (Abland 2020). An 
interest rate of 8% per annum was assumed 
for this particular project. Proportions for 
monthly expenditure were applied based 
on the experience of the developer and 
allowed for the development of an ‘S-curve’ 
for both buildings (Figure 9). The rate at 
which equity was utilised and money drawn 
from the development loan was therefore 
determined. Equity of R14 370 000 and 
R3 796 000 was calculated after subtracting 
R19 152 000 equity in respect of land value 
(based on the 70:30 debt to equity ratio) for 

the timber frame and reinforced concrete 
frame buildings, respectively.

Figure 9 shows the expected cash out-
flow (excluding interest expense and land 
cost) for both the mass timber and rein-
forced concrete buildings. From Figure 9 it 
can be seen that the R14 370 000 equity is 
completely exhausted within two months 
of construction for the timber frame 
building. Similarly, within two months 
the R3 796 000 equity for the concrete 
frame building is also exhausted. Interest 
is effectively charged for four months for 
the timber frame building and nine months 
for the concrete frame building. The total 
interest payable by the developer over 
the construction period is R1 486 200 for 
the timber frame building. Alternatively, 
R 2 706 000 is payable by the developer 
for interest incurred for the construc-
tion of the concrete frame building. The 
five-month shorter construction schedule 
results in savings of R1 220 000 in interest 
for the timber frame building.

Internal rate of return
The feasibility of the two developments can 
be assessed through the calculation and 
evaluation of the internal rate of return (IRR) 
and minimum acceptable rate of return 
(MARR) of each development. If the IRR is 
greater than the MARR, the development is 
financially justifiable (Blank & Tarquin 2014). 
When evaluating two different developments, 
the development with the greatest IRR is 
the more profitable development from an 
investor’s perspective. The MARR, or hurdle 
rate, can be assumed to be 15% for the com-
mercial developments in this study (Abland 
2020). The five-year IRR of the developments 
were calculated through the development 
of amortisation schedules in the financial 
model. The mass timber building achieved a 
five-year IRR of 20.9%, while the reinforced 
concrete building achieved a five-year IRR of 
25.7%, 4.8% higher than the IRR of the mass 
timber frame building.

From the higher IRR for the reinforced 
concrete frame development, it is clear 

Table 7 Total construction cost including P&G cost

Cost item Mass timber frame (R) Concrete frame (R)

Total construction cost 68 441 500 56 997 008

Preliminary and general cost 4 619 801 5 699 701

Contingencies (2.5%) 1 826 533 1 567 418

Pre-contract escalation (1.5%) 280 829 240 990

Contract escalation (1.5%) 469 804 806 314

Total 75 638 467 65 311 431

Table 8 Monthly return on investment

Income description Rate Area / number of bays Monthly income 

Gross rentable area R150/m2 5 427 R820 800

On-grade parking R500/bay 217 R108 500

Monthly net rental R929 300
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Figure 9  Cumulative cash outflow during construction
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that the concrete alternative remains more 
profitable than the timber alternative, 
despite the five-month shorter construction 
schedule. Notably, the five-year IRR of both 
developments is above the 15% MARR, 
indicating that they are both financially 
justified. This is a positive result with 100% 
assumed occupation for both developments, 
particularly the multi-storey mass timber 
building, in the context of South Africa. It 
indicates that a multi-storey mass timber 
building can be financially viable in South 
Africa if a number of factors are addressed 
throughout the entire value chain of the 
mass timber products. However, it is evident 
from this particular comparison – given the 
assumptions that were made – that mass 
timber frame commercial buildings will 
struggle to achieve higher internal rate of 
returns than conventional reinforced con-
crete frame commercial buildings.

SENSITIVITY ANALYSIS
The following section explores the effect of 
certain variables on the overall construction 
cost comparison between the two buildings 
through a sensitivity analysis. The investiga-
tion is limited to the variables that have the 
greatest effect on the overall construction 
cost of the mass timber frame building.

Rental rate
It is of interest to explore the effect of a 
potential rental premium on the mass timber 
frame building, especially when considering 
the potential desirability of tenants to work 
in such a mass timber frame building. The 
effect of adjusting the rental rate on the five-
year IRR and initial yield is summarised in 
Figure 10. The rental rate for the reinforced 
concrete frame building remained constant 
at R150/m2 for the entire analysis.

Analysis of the results shows the 
significant effect of the rental rate on 
the five-year IRR of the development. A 
potential 7.8% increase in rental rate would 
result in a five-year IRR of 25.7% for the 
mass timber frame development. This is 
equivalent to the 25.7% IRR recorded for 
the reinforced concrete frame building. It 
remains difficult to determine whether a 
7.8% rental premium is justifiable for the 
mass timber frame development.

Cost of SA pine
The large difference in the structural frame 
cost between the two buildings can be partly 
attributed to the high cost per cubic metre 
of S7 SA pine. Discussions with manufactur-
ers indicated that it costs approximately 
R12 000/m3 of S7 SA pine to manufacture 
glulam or CLT (Holzbau Carpentry Hess CC 
2020; XLAM South Africa (Pty) Ltd 2020). 
It remains difficult to determine how prices 
may differ in an established multi-storey 
mass timber market. To this end, fictional 
market prices of S7 SA pine were investi-
gated. The results are summarised in Table 9.

Table 9 shows that a 5% decrease in the 
cost of SA pine results in a R933 606 (4%) 
reduction in the overall structural cost of the 

development. This translates into an increase 
of approximately 0.7% in the five-year IRR. 
Similarly, a 5% increase in the cost of SA 
pine results in a 0.7% decrease in the five-
year IRR. From this analysis it is clear that 
fluctuation in the cost of the SA pine has a 
substantial effect on the five-year IRR of the 
development, although it is not as sensitive as 
fluctuation in the rental rate. An increase of 
5% in the rental rate increases the five-year 
IRR between 3.0% and 3.8%, which is signifi-
cantly more than the 0.7% increase recorded 
for a decrease of 5% in the cost of S7 SA pine. 
Results showed that the price of S7 SA pine 
needs to be reduced by at least 33% for the 
mass timber frame development to earn a 
higher five-year IRR than the reinforced con-
crete frame development. This is considered 
to be highly unlikely.

Importation of timber
The section above dealing with 
“Development cost” (commencing on 
page 40) alludes to the fact that the importa-
tion of structural timber will have to be 
considered for the immediate future to 
sustain a potential multi-storey mass timber 
building market. As such, an analysis of the 
potential structural cost and five-year IRR 
of the development is required if all of the 
mass timber is imported. Table 10 contains 
the results of the analysis. The results of the 
analysis are based on the cost of untreated 
spruce as calculated in the aforementioned 
section on “Development cost”.

At a R17:€1 exchange rate, the total 
structural cost increases from R23 285 000 
for the original S7 SA pine option to 
R30 255 000 for imported spruce. This 
amounts to a 30% increase in the total 
structural cost of the building. Additionally, 
it results in a 4.5% decrease in the five-year 
IRR from 20.9% to 16.4%. In the section 
above dealing with “Internal rate of return” 
(page 42), a 25.7% IRR is calculated for the 
reinforced concrete frame development. 

Table 9 Analysis of S7 SA pine cost

Change  
(SA pine)

SA pine cost 
(R/m3)

Structural 
cost (R)

Difference (R) IRR (%)

+15% 13 800 26 074 029 933 606 18.9%

+10% 13 200 25 140 423 933 606 19.5%

+5% 12 600 24 206 817 933 606 20.2%

0% 12 000 23 284 732 0 20.9%

–5% 11 400 22 339 606 –933 606 21.6%

–10% 10 800 21 406 000 –933 606 22.3%

–15% 10 200 20 472 394 –933 606 23.1%
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This is 9.3% higher than the 16.4% calcu-
lated for the imported mass timber frame.

The assumption regarding the locally 
produced mass timber elements should be 
taken into consideration. The manufactur-
ing capabilities of local suppliers, as dis-
cussed earlier, remains a concern. As such, a 
fictional situation was assumed where South 
African suppliers can manufacture the large 
cross-sectional dimensions required for the 
mass timber frame building in this research. 
Without this assumption, the timber would 
most likely need to be imported unless cur-
rent manufacturing capabilities improve.

CONCLUSION
The findings of this study show that there 
is great potential in the multi-storey mass 
timber building domain in South Africa. 
This is justified by the 50% reduction in the 
construction schedule for the mass timber 
frame building, but also by the sensitivity 
analysis where the mass timber frame 
building achieved the same five-year IRR 
than the reinforced concrete building with 
a 7.8% rental premium. However, it has 
become evident through interaction with 
various industry stakeholders that great 
strides are still required in the forestry sec-
tor, mass timber manufacturing sector, as 
well as the AEC sector before multi-storey 
commercial mass timber buildings may 
prove to be more profitable than conven-
tional multi-storey reinforced concrete 
buildings in South Africa.

Two of the most notable requirements 
include improvement in the sourcing of 
high-grade structural timber (S7, S10) and 
investment into equipment that will enable 
the large-scale production of large beams/col-
umns, typically required in multi-storey mass 
timber structures. Development and invest-
ment of capital and resources are required 
throughout the entire value chain of mass 
timber production to establish a sustainable 
multi-storey mass timber market.

The future success of mass timber con-
struction in South Africa is thus dependent 
on the collaboration and teamwork of indus-
try stakeholders and research institutions 
throughout the public and private domain.
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