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Alkali Activated Binder (AAB)

•slag  
•fly ashes  
•calcined clay

geopolymer and alkali-activated material are used in the literature
somewhat interchangeably and occasionally even as synonyms. In this
review, materials are referred to as using the same terminology as used
in the cited references.

Conventional (two-part) geopolymers are formed by a reaction be-
tween a concentrated aqueous solution of alkali hydroxide, silicate,
carbonate, or sulfate, for instance, and solid aluminosilicate precursor,
that is, two parts in addition to water [36–40]. However, the im-
practicalities related to handling large amounts of viscous, corrosive,
and hazardous alkali activator solutions has put pressure on the de-
velopment of one-part or “just add water” geopolymers that could be
used similarly to OPC [41]. In one-part mixtures, only a dry mixture is
needed in addition to water. The dry mixture is prepared by mixing a
solid alkali-activator with a solid aluminosilicate precursor with or
without a calcination step (Fig. 1).

In 1940, Purdon [42] proposed dry mixing of slag and solid sodium
hydroxide and subsequently adding water in order to prepare a mortar
mixture. In the 1980s, Heitzmann et al. [43] patented a dry mixture of
metakaolin, blast furnace slag, amorphous silica, potassium hydroxide
and silicate, and one of the following components: !y ash, calcined
shale, or calcined clay that could be blended with OPC before the ad-
dition of water. Schwarz and Andre [44] patented a geopolymeric dry
mixture in which amorphous silica was prepared by dealuminating !y
ash or metakaolin with hydrochloric or sulfuric acid. Davidovits [45]
also patented one-part geopolymer consisting of alumino-silicate oxide
with Al in IV-V coordination (i.e., metakaolin), sodium or potassium
disilicate, and slag. Later, Davidovits [46] pointed out that solid sodium
or potassium hydroxide and silicate should be partially replaced with
“synthetic lavas” (reactive sodium!potassium aluminosilicate glass) due
to large-scale availability and production issues. Synthetic lava could be
prepared by mixing volcanic tu" and calcium carbonate, melting at
1200–1350 °C, quenching in water, drying, and grinding [46]. Duxson
and Provis [41] outlined some general needs and approaches for one-
part geopolymer mixes. They proposed that solid precursor would be
prepared either by adding, for instance, calcium-containing feldspar to
coal before combustion; melting the previous materials separately and
grinding; or preparation of a two-part geopolymer as a precursor to a
one-part geopolymer. Currently, one-part geopolymers are considered
especially promising for in situ applications where handling alkali so-
lutions can be di#cult whereas two-part mixtures appear suitable for
precast work [8,23,47]. However, the early examples of one-part geo-
polymers described above have attained little commercial use. In con-
trast, two-part geopolymers have already been used in several full-scale
implementations, such as the Brisbane West Wellcamp Airport in Aus-
tralia [48].

The purpose of this review is to present the current state-of-art in
the development of one-part geopolymer mixtures. A substantial
number of review articles exist discussing various aspects and appli-
cations of two-part geopolymers [49–61], but no similar reviews about
one-part mixtures currently exist. This paper discusses the employed
aluminosilicate precursors, solid activators, admixtures, mix designs,

resulting binding phases, hardening mechanisms, and e"ects of various
parameters on the mechanical properties of one-part geopolymers.
Moreover, a brief overview of one-part geopolymers containing OPC as
one component (i.e., hybrid cements or blended alkaline cement) is
presented. Finally, the environmental impact and cost analysis of one-
part mixes is provided.

2. Raw materials and preparation of one-part geopolymers

2.1. Aluminosilicate precursors

The most common solid aluminosilicate precursor in one-part geo-
polymer mixes is !y ash from coal combustion either alone or in
combination with blast furnace slag (Table 1). The majority [62–69] of
the !y ashes used as precursors fall within class F (low calcium content)
as de$ned by ASTM standard C618 [70]. Class C (high calcium content)
!y ash is less frequently used in geopolymer binders because of too
rapid setting [71,72] and less abundant availability [73]. Ye et al. [74]
used one-part geopolymer approach on the successful solidi$cation/
stabilization of municipal solid waste incineration !y ash (containing
metals such as Pb, Cu, Zn, and Cr) by mixing it with red mud, NaOH,
and then adding water. While !y ashes have usually been employed
without pretreatment in one-part mixes, Matalkah et al. [75] used a
mechanochemical activation method in which !y ash was ball-milled
with dry-blended activators (CaO, MgO, and NaOH). They observed
that Na, Ca, and Mg were incorporated in the !y ash structure due to
disruption of the aluminosilicate bonds, which resulted in improved
properties (higher strength, greater moisture resistance, and $ner mi-
crostructure) compared to raw materials that were separately milled
and then blended [75]. Similar mechanochemical pretreatments have
been used with two-part geopolymers as well with a signi$cant increase
in compressive strength [76] and rate of geopolymerization [77].

Ground-granulated blast-furnace slag is commonly used as a cal-
cium-rich aluminosilicate precursor in alkali-activated materials. Blast
furnace slag, which is a by-product of pig iron manufacturing at blast
furnaces, consists of silicate and aluminate impurities present in iron
ore and coke. Blast furnace slag is frequently mixed with class F !y ash
in one-part geopolymer mixtures, but it can also be used alone
(Table 1). Using blast furnace slag improves the reactivity of low!cal-
cium-content !y ash [41]. Usually calcium-rich aluminosilicate or cal-
cium hydroxide would induce rapid setting and high early strength
[64,78], but replacement of a portion of the slag with calcium hydro-
xide resulted in a decrease in both compressive strength and work-
ability in a one-part geopolymer [65]. Decreasing the particle size of
blast furnace slag resulted in an increase of compressive strength [63].
Wang et al. [66] found that a ratio of blast furnace slag to solid water
glass of 5:1 (by weight) was optimum in terms of compressive strength,
whereas ratios of 4:1 and 6:1 led to decreased strength. Nematollahi
et al. [67] used “typical” and “gypsum-free” slags in the design of one-
part strain-hardening geopolymer composite. The use of “typical slag”
resulted in a lower relative slump value, signi$cantly higher thixotropic

Fig. 1. The general procedure of one-part geopolymer
preparation.
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•Sodium carbonate: Na2CO3 

•Less cohesive than OPC 
•Low superplasticizer 

compatibility

•Sodium hydroxide NaOH
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Buchwald et al. Material and Structures  (2015) 

picture on the durability of alkali-activated concrete, a
historical study was performed (2011).

2 Historical review

2.1 Arthur Oscar Purdon and ‘Le Purdociment’

Arthur Oscar Purdon (! 1963) was a British chemist

who graduated at the University of Leeds. During his
entire career, he worked and lived in Belgium. In

1922, he became researcher at the company SOFINA.

There, he extensively investigated blast-furnace slag
cements and discovered that slag can be more

intensely activated by addition of caustic alkalis. In

1935, he published his first patents [4]. After World
War II, this new type of cement was brought on the

market by a pilot plant ‘Le Purdociment’ (sharehold-

ers: SOFINA & Les Ciments de Bruxelles). By its high
percentage of blast furnace slag ([90 %) in compar-

ison with traditional Belgian blast-furnace slag

cements (*70 %), and the absence of Portland
clinker, this cement was cheaper in production. This

had to lead to the success of this new type of cement.

On the first of July, 1952, the public limited
company ‘Le Purdociment’ was opened (Fig. 1).

Soon, it became clear that the production capacity of

the factory was too limited to get a positive turnover.
Though sales kept rising, 3 years after the opening,

‘Le Purdociment’ had only a sales number of 375 tons

a month, while a sales number of 600 tons was needed
to reach the break-even point.

The existence of this new type of cement and the

plans to expand its production worried the existing
cement manufacturers. In 1956, SOFINA, the main

shareholder of ‘Le Purdociment’ received an offer of

10,000,000 BEF (corresponding to *250,000 euro)
from CIMBEL (an association which defended the

interests of the Belgian cement manufacturers) to stop

their activities. On 2 May, 1957, ‘Le Purdociment’
accepted that offer and later went into liquidation.

Although the real archive of ‘Le Purdociment’

could not be found, the information given above was
obtained from of the archives of SOFINA (e.g. from

annual reports, contracts, correspondence and busi-

ness plans). In one of the letters, it was mentioned that:

The bankruptcy of the company ‘Le Purdociment’

was terminated 16 November 1966. The company

stopped to exist since that date. Books and
documents will be stored in the headquarter of

SOFINA for at least 5 years.

Since the archive of SOFINA does not contain the

archive of ‘Le Purdociment’, we suspect that docu-

ments were thrown away or were lost.

2.2 Composition of Purdocement

Blast-furnace slag mixed with water sets very slowly.

Therefore, slag was formerly often combined with

lime, in a 0.25/1 lime/slag ratio. Later, slag was also
mixed with Portland clinker to improve its properties.

In comparison to Portland cement (PC), all these

cements were still slow hardening [5].
Purdon developed a slag cement with high early

strength. He discovered that blast-furnace slag can be

activated more intensely by adding caustic alkalis such
as NaOH or KOH [4] than by adding lime or Portland

clinker. Caustic alkalis can be added directly to the

cement or NaOH can be formed at the moment of
cement wetting. This is done by adding chemicals,

such as Na2CO3 and Ca(OH)2, to the cement to form

NaOH (Eq. (1)). Also other chemicals such as Na2SO4

could be used as a substitute for Na2CO3 [5].

Na2CO3 ! Ca OH" #2! 2NaOH! CaCO3 "1#

‘Le Purdociment’ produced two types of cement,

cement type ‘P’ containing a small amount of PC and
cement ‘C’, which contained a small amount of lime.

In both cements Na2SO4 was used (Table 1).

Fig. 1 Company logo

Table 1 Probable compositions of Purdocement (mass wt%)
(annual report ‘Le Purdociment’, 1955)

Slag PC Ca(OH)2 Na2SO4

Type P 91 5 – 4

Type C 91 – 5 4
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2.3 Existing buildings made with Purdocement

Part of this study had the objective to trace existing
structures (e.g. houses, infrastructural buildings, foun-

dations, etc.), built in the period 1952–1959 and

(partly) made of alkali-activated concrete, and to
document the use of Purdocement by archive docu-

ments (e.g. from the company of SOFINA).

Based on an interview of Mrs. A.O. Purdon in
August, 1985, a (limited) list of structures could be

deduced (Table 2) and some of these buildings could

be located (examples in Figs. 2, 3, 4, 5 and 6).

Fig. 2 Corner of Breydel street No 9 and Avenue Oudergem
No 15

Fig. 3 Royal building (left southern part; right eastern side
building)

Fig. 4 King Victor Square No 12 and 13

Table 2 List of structures in Brussels (unless otherwise sta-
ted), made (partly) of Purdocement—interview with Madame
Purdon (Raymond, 1985)

Buildings

At the ‘Corner of Breydel street No 9 and Avenue
Oudergem No 15’

F

The Royal Building F

In the ‘Kreupelenstraat’ VD

The ‘Marie-José’ NF

In the ‘Avenue Ernestine’ VD

Residential flats ‘Sunny’ NF

Residential flats ‘Breughel’ NF

The ‘Victory’ NF

At the ‘King Victor Square No 12 and 13’ F

In the ‘Avenue Churchill’ VD

In the ‘Avenue Montjoie’ (Namur) VD

Building on stations BP VD

Public works

Tunnel in the ‘Wetstraat’ P?

South Station—support wall for the Belgian National
Railway Company

P?

Derivation of the ‘Haine’ (Obourg) NF

Embankment of the left bank of the Channel
(Quaregnon)

D

Secondary and vocational school (Couvin) VD

Expo 58: Foundation of Swiss pavilion D

Expo 58: Foundation of the electricity palace D

Works for industry

Parking 58 F

Expansion power station (Auvelais) D

Factory ‘Delle’ (Ukkel) F

Foundry (Wilsele) NF

Factory S E M (Haren) NF

Centenary Palace P?

F found, D demolished, NF not found, VD vague description, P?
not clear in which part of the construction Purdocement was used
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Motivation of the problem 

Cement AAB

•Control the fresh properties  
•Measure the interaction forces 
•Study polymers compatibility 
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Calcite

100 nm

Liberto et al. Soft Matter (2017) 
Liberto et al. JCIS (2019) 
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Motivation of the problem 

Cement AAB

Oscillatory Rheology

•Control the fresh properties  
•Measure the interaction forces 
•Study polymers compatibility 

Calcite

Liberto et al. Soft Matter (2017) 
Liberto et al. JCIS (2019) 
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CementAABCalcite

Weak long-range 
attraction

• CaCO3  
• 70 nm particles 
•ϕ =5-30%

• 91.5% GGBS*, 5%Ca(OH)2, 3.5% Na2CO3 
• μm particles 
•ϕ =41-53% (w/c 0.5-0.3)

?

• CEM I 52.5 R 
• μm particles 
•ϕ =39-51% (w/c 0.5-0.3)

Strong short-range 
attraction

Materials

Liberto et al. Soft Matter (2017) 
Liberto et al. JCIS (2019)   Purdociment 1955 

  Buchwald et al. Material and Structures  (2015) 
Jönsson et al. Langmuir (2005) 

* GGBS: Ground granulated blast-furnace slag: CaO (30-50%), SiO2 (28-38%), Al2O3 (8-24%), and MgO (1-18%) 
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Oscillatory rheometry can give hints on particle cohesiveness

AAB are intermediate between cement and calcite suspensions

The deformation mechanism depends on both concentration and interaction

Take home message(s)
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Elastic regime: 
G’>G’’

Flow regime: 
G’≃G”

Calcite, ϕ=20%

Liberto et al. Soft Matter (2017) 

Oscillatory Rheology
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Elastic regime: 
G’>G’’

Flow regime: 
G’≃G”

G’lin

𝛾cr

Calcite, ϕ=20%

Δϕ

Liberto et al. Soft Matter (2017) 

Oscillatory Rheology
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Cement

AAB

Calcite
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Calcite

Cement
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Cement

AAB

Calcite
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AAB

Cement

Calcite



17

Cement

Calcite
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AAB

Cement

Calcite
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AAB

Cement

Calcite

nano-particles

μ-particles

long range weak attraction

short range strong attraction

?
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AAB

Cement

Calcite

nano-particles

μ-particles

long range weak attraction

short range strong attraction

?

MODEL —> Shih et al. 1990
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Calcite

Shih et al. PRA (1990) 

Liberto et al. Soft Matter (2017) 

Fractal structure at rest



𝛾cr  ∝ ɸ B 

G’lin ∝ ɸ A 
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Calcite

Liberto et al. Soft Matter (2017) 

•Interfloc links 
•Floc rigidity 
•Concentration 

Shih et al. PRA (1990) 

Fractal structure at rest



B = 1/(3-df)

B = -2/(3-df)

𝛾cr  ∝ ɸ B 

A = 4/(3-df)
A = 1/(3-df)

G’lin ∝ ɸ A 
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Calcite

Deformable floc 

ɸ

Liberto et al. Soft Matter (2017) 

Rigid floc

Fractal structure at rest
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A = 4/(3-df)
A = 1/(3-df)
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ɸ

Liberto et al. Soft Matter (2017) 
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Fractal structure at rest
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A = 4/(3-df)
A = 1/(3-df)
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Calcite

Deformable floc Rigid floc

ɸ

df ≃2.2

𝜏

Fractal structure under shear



B = 1/(3-df)

B = -2/(3-df)

𝛾cr  ∝ ɸ B 

A = 4/(3-df)
A = 1/(3-df)

G’lin ∝ ɸ A 
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Calcite

Deformable floc 

ɸ

df ≃2.2

𝜏

Rigid floc

Fractal structure at rest



B = 1/(3-df)

B = -2/(3-df)

𝛾cr  ∝ ɸ B 

A = 4/(3-df)
A = 1/(3-df)

G’lin ∝ ɸ A 
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Calcite

Deformable floc 

ɸ

df ≃2.6df ≃2.2

𝜏𝜏

Rigid floc

Fractal structure under shear
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ɸ

ɸ

AAB

Cement
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Deformable floc Rigid floc

df ≃2.75df ≃2.73

Rigid floc

df ≃2.71

ɸ

ɸ

AAB

Cement
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AAB

Cement

Calcite

nano-particles

μ-particles

long range weak attraction

short range strong attraction

short range (less) strong attraction

Small oscillation = system at rest!
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Take home message(s)

Oscillatory rheometry can give hints on particle cohesiveness

AAB are intermediate between cement and calcite suspensions

The deformation mechanism depends on both concentration and interaction
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Perspectives

Flow rheological measurements

Microscopical measurements (i.e. AFM)

Chemical analysis 
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Buchwald et al. Material and Structures  (2015) 

picture on the durability of alkali-activated concrete, a
historical study was performed (2011).

2 Historical review

2.1 Arthur Oscar Purdon and ‘Le Purdociment’

Arthur Oscar Purdon (! 1963) was a British chemist

who graduated at the University of Leeds. During his
entire career, he worked and lived in Belgium. In

1922, he became researcher at the company SOFINA.

There, he extensively investigated blast-furnace slag
cements and discovered that slag can be more

intensely activated by addition of caustic alkalis. In

1935, he published his first patents [4]. After World
War II, this new type of cement was brought on the

market by a pilot plant ‘Le Purdociment’ (sharehold-

ers: SOFINA & Les Ciments de Bruxelles). By its high
percentage of blast furnace slag ([90 %) in compar-

ison with traditional Belgian blast-furnace slag

cements (*70 %), and the absence of Portland
clinker, this cement was cheaper in production. This

had to lead to the success of this new type of cement.

On the first of July, 1952, the public limited
company ‘Le Purdociment’ was opened (Fig. 1).

Soon, it became clear that the production capacity of

the factory was too limited to get a positive turnover.
Though sales kept rising, 3 years after the opening,

‘Le Purdociment’ had only a sales number of 375 tons

a month, while a sales number of 600 tons was needed
to reach the break-even point.

The existence of this new type of cement and the

plans to expand its production worried the existing
cement manufacturers. In 1956, SOFINA, the main

shareholder of ‘Le Purdociment’ received an offer of

10,000,000 BEF (corresponding to *250,000 euro)
from CIMBEL (an association which defended the

interests of the Belgian cement manufacturers) to stop

their activities. On 2 May, 1957, ‘Le Purdociment’
accepted that offer and later went into liquidation.

Although the real archive of ‘Le Purdociment’

could not be found, the information given above was
obtained from of the archives of SOFINA (e.g. from

annual reports, contracts, correspondence and busi-

ness plans). In one of the letters, it was mentioned that:

The bankruptcy of the company ‘Le Purdociment’

was terminated 16 November 1966. The company

stopped to exist since that date. Books and
documents will be stored in the headquarter of

SOFINA for at least 5 years.

Since the archive of SOFINA does not contain the

archive of ‘Le Purdociment’, we suspect that docu-

ments were thrown away or were lost.

2.2 Composition of Purdocement

Blast-furnace slag mixed with water sets very slowly.

Therefore, slag was formerly often combined with

lime, in a 0.25/1 lime/slag ratio. Later, slag was also
mixed with Portland clinker to improve its properties.

In comparison to Portland cement (PC), all these

cements were still slow hardening [5].
Purdon developed a slag cement with high early

strength. He discovered that blast-furnace slag can be

activated more intensely by adding caustic alkalis such
as NaOH or KOH [4] than by adding lime or Portland

clinker. Caustic alkalis can be added directly to the

cement or NaOH can be formed at the moment of
cement wetting. This is done by adding chemicals,

such as Na2CO3 and Ca(OH)2, to the cement to form

NaOH (Eq. (1)). Also other chemicals such as Na2SO4

could be used as a substitute for Na2CO3 [5].

Na2CO3 ! Ca OH" #2! 2NaOH! CaCO3 "1#

‘Le Purdociment’ produced two types of cement,

cement type ‘P’ containing a small amount of PC and
cement ‘C’, which contained a small amount of lime.

In both cements Na2SO4 was used (Table 1).

Fig. 1 Company logo

Table 1 Probable compositions of Purdocement (mass wt%)
(annual report ‘Le Purdociment’, 1955)

Slag PC Ca(OH)2 Na2SO4

Type P 91 5 – 4

Type C 91 – 5 4
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2.3 Existing buildings made with Purdocement

Part of this study had the objective to trace existing
structures (e.g. houses, infrastructural buildings, foun-

dations, etc.), built in the period 1952–1959 and

(partly) made of alkali-activated concrete, and to
document the use of Purdocement by archive docu-

ments (e.g. from the company of SOFINA).

Based on an interview of Mrs. A.O. Purdon in
August, 1985, a (limited) list of structures could be

deduced (Table 2) and some of these buildings could

be located (examples in Figs. 2, 3, 4, 5 and 6).

Fig. 2 Corner of Breydel street No 9 and Avenue Oudergem
No 15

Fig. 3 Royal building (left southern part; right eastern side
building)

Fig. 4 King Victor Square No 12 and 13

Table 2 List of structures in Brussels (unless otherwise sta-
ted), made (partly) of Purdocement—interview with Madame
Purdon (Raymond, 1985)

Buildings

At the ‘Corner of Breydel street No 9 and Avenue
Oudergem No 15’

F

The Royal Building F

In the ‘Kreupelenstraat’ VD

The ‘Marie-José’ NF

In the ‘Avenue Ernestine’ VD

Residential flats ‘Sunny’ NF

Residential flats ‘Breughel’ NF

The ‘Victory’ NF

At the ‘King Victor Square No 12 and 13’ F

In the ‘Avenue Churchill’ VD

In the ‘Avenue Montjoie’ (Namur) VD

Building on stations BP VD

Public works

Tunnel in the ‘Wetstraat’ P?

South Station—support wall for the Belgian National
Railway Company

P?

Derivation of the ‘Haine’ (Obourg) NF

Embankment of the left bank of the Channel
(Quaregnon)

D

Secondary and vocational school (Couvin) VD

Expo 58: Foundation of Swiss pavilion D

Expo 58: Foundation of the electricity palace D

Works for industry

Parking 58 F

Expansion power station (Auvelais) D

Factory ‘Delle’ (Ukkel) F

Foundry (Wilsele) NF

Factory S E M (Haren) NF

Centenary Palace P?

F found, D demolished, NF not found, VD vague description, P?
not clear in which part of the construction Purdocement was used
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Thank 
you!

teresa.liberto@tuwien.ac.at
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Backup slides
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Shih et al. PRA (1990) Elasticity of fractal gels
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ELASTICITY AND YIELDING OF PURE CALCITE PASTE : Discussion 
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Shih et al. PRA (1990) Elasticity of fractal gels
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ξ ∼ 1

φ
1

(3−d f )

floc size Kξ ∼
k0
ξ 2+xfloc rigidity

x backbone fractal dimension 
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system rigidity

strong link: low ɸ weak link: high ɸ
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df = fractal dimension

c

b

a

G’lin ∝ ɸ A 

df ≃2.2 df ≃2.6

ξ ∼ 2 μm ξ ∼ 0.5 μm

Shih et al., PRA (1990) 

c

b

a

𝛾cr  ∝ ɸ B 

A = 4/(3-df)

A = 1/(3-df)

B = 1/(3-df)
B = -2/(3-df)

STRONG LINK WEAK LINK ɸ

Buscall et al., J. Chem. Soc. (1988) 

ɸ ∼ ɸ0 (ξ /a)-(3-df)


