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Austin, TX, USA - By ICON
Build (2018):
o 32 m?
o 24 Hours (Walls)
= R150 000 (Foundation &
Walls)
= R600 (Finished
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Why Automate Construction?
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Indexes of Value Added Per Full-Time-Equivalent (FTE) Worker and Total Factor Productivity
(TFP), Overall US Economy and Construction Sector (BEA Data)
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Note: This figure shows indexes of US construction sector labor productivity and total fact
to 2020. For comparison, it also plots the same indexes for the overall economy. Throughd|
1960s, both measures of construction sector productivity grew steadily. Indeed, they outpd
counterparts during that period. By 1970, however, the construction sector’s labor product|
to fall. This downturn was not temporary; the decline has continued for the past half-centu
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Why 3D Concrete Printing? ([ Stellenbosch
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100 I | |
T —@— Publications

---X--- Increase design freedom, customisation or complexity
—<— Decrease labour intensity

— O~ Decrease construction duration

—+— Decrease waste by more effective material use

1 —-O--Formwork-free

—#— Decrease construction cost
I - Increase level of safety

=—8— [ncrease quality or precision
--=&-- Decrease environmental impact
—Xx— Increase skilled labour

Faster
Cheaper

=

-Increase in Quality
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3D Concrete Printing Market Share @l Stellenbosch
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3DCP Global Entities Stellenbosch
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s F *’“}f::ﬁ\ \ . e Thinking Huts: Using 3D Printing Technology to Build ...
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Holcim
hitps:/fAwww_holcim_com » Who we are » Our stories
Holcim delivers Africa's largest 3D-printed affordable ...
S \ 7 it S } ' ) - § ‘ N 06 — Owr latest effort is Mvule Gardens, a 52-unit housing project in Kilifi, Kenya.

News24
https:ffwww_news24_com : news24 ; parinercontent

3DCP Companies

B . _ : .
N o 25 3D printing manufacturer CyBe Construction sets foot in ...

B 10 e } ' ‘i ‘ﬁ /.- 09 Ju — CyBe Construction, one of the market leaders in offering 3D concrete printers,

R - ) S

COBOD
https:#/cobod.com » largest-3d-printed-building-in-africa  #
Largest 3D printed building in Africa | COBOD International
— COBOD completely dominates the 3D construction printing market in
Africa with the six 3D printed buildings, all done with COBOD technology.

132 Known Companies in 2023



3D Concrete Printing at SU ([ stellenbosch
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Ballscrew

Framework

Gusset Plate

Y-axis Stepper

Motor
X-axis Stepper\A

Motor

Gantry System

Z-axis Stepper Nozzle Position

Motor

Stabilised base trolley for 3D printed
concrete specimen mobility

Platform

Designed, Procured & Manufactured at SU (Completed 2018)

1 m3 Build Volume

Coupled with Progressive Cavity Pump for Batch Mixing
Print Speeds up to 150 mm/s

Used for Most of our Research to Date



3D Concrete Printing at

Designed, Procured &

Manufactured at SU
(Completed 2022)

16 m3 Build Volume

All Items Sourced Locally,
except Pump (Germany)
Continuous Mixing Pump
Automated 4 m3 Silo

End Effector for On-Demand
Chemical Dosing

Used for Large-Scale Printing
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Students
BEng: 40
MEng: 12
PhD: 15

Funding
NRF

Industry
Sponsors

DSI

Committees
RILEM TC PFC
RILEM TC ADC

fib TG 2.11
DC2022 SC

Research
Papers: 80+
Reviews: 60+

Conferences:
10+

Dr Stephan Zeranka - Head of Materials
Research & Development at COBOD

Dr Gerius Moelich - (ex) Global Head of
Material Services at COBOD

Dr Marchant van den Heever - (ex)
Chief Technology Officer at Harcourt
Technologies

Mr Jandré Oosthuizen - Materials
Engineer at Harcourt Technologies

Dr Frederick Bester - Head Research &
Development at 14Trees

Dr Seung Cho - Research Fellow at
UNIST
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2016 2019 2022 2025
Materials

¥ =" Rheology & tests. FRC, FC, LC3, GPC
Carbon footprint. Recycling. Circularity in 3DCP

The Roadma P &q Stellenbosch

Structural| =——0o9——"-—-——rv-—--—">
Mechanical tests, anisotropy
Computational models

Reinforcement
Durability carbonation, corrosion, fire behaviour
Buildings r-—>

Facade heat transfer, passive design

Off-site 3DCP construction

. . , ‘3DP Full Scale House
Residential construction

/\
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Research: Material Level @l Stellenbosch

Constructablllty Rheometry |
Shear Stress
A | | It %(P-;ﬁ;*-lo”_t ) > Dokt Fresh State Workability Tests
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AFresh State Mechanical Tests

Material Models / Analytical Modelling / Buildability



Research: Material Level ( Stellenbosch
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@ CT Scan | T l @ Advanced Investigations

Cast Y 0 - 60 min Pass Times
7
Volume [mm?] * Projected Size X
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> | Analyze Porosity | @

Microstructural Investigations using Computed Tomography

Plastic Shrinkage Cracking



Research: Structural Level @l Stellenbosch
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Hardened State Mechanical Tests / Anisotropy Large Scale Experimental Testing



Research: Structural Level ( Stellenbosch
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nvironmental Effects / Curing

Fire Performance Tests

Pneumatic rivet tool
frame head

Flexible wire rope is
entrained by split nozzle

Spent male-female rivets
(Orthogonal reinforcement)

Print direction e

Novel nosepiece

i 2l Previously entrained wire ropes
(Longitudinal reinforcement)

)
D
)
=
=
_

Durability Tests / Carbonation

Novel Reinforcement Techniques



Research: Building Level ( Stellenbosch
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==

RBA-3DPC fagade section

Data logger

NT1L

3D concrete printed beam

Continuous reinforcement

Max: 41.798

Node: PART-1-1.52
Min: 20.216
Node: PART-1-1.237

Min: 21.407
Node: PART-1-1.237

Beam-column conector

(b) CaseB

NT1L

3D concrete printed permanent >
formwork column

Max: 42.022
Node: Foam Wall-1.6
Max: 40.540 R Min: 20.145
Node: PART-1-1.52 > Node: Foam Wall-1.15
Min: 21.573 i
Node: PART-1-1.237

6 4

Column foundation > ’

(c) CaseC (d) Case D

Thermal Conductivity / Insulation Off-Site Construction / Prefabrication

Engineering - EyobuNjineli - Ingenieurswese



Construction Model

Two Options

Prefabrication / Off-Site
On-Site (Walls & Roof)
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Conventional Methods

| x /Time Period
3DCP
3x /Time Period

Higher Productivity = Lower Turnaround Time

Affordable = Keeping up with Population Growth (= Cost)
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3D Print Full Scale House [+40-60
m?] in 2025 by Partnering with
Industry and Statutory/Regulatory
Entities

1. Demonstrate Technology
Readiness Level (TRL) in RSA
Context [6 to 9]

2. Facilitate Industry Adoption of
3DCP Technology

3. Ensure Safe and Sustainable
Implementation

Our aim is to unlock the true potential of Additively Manufactured Concrete Technologies and transform the largely unindustrialized
global construction sector into a smart, sustainable and lucrative industry.
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Prof Gideon van Zijl Dr Jacques Kruger
gvanzijl@sun.ac.za pjkruger@sun.ac.za
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Photo by Stefan Els
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