
Construction and Building Materials 388 (2023) 131683

Available online 10 May 2023
0950-0618/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-
nc/4.0/).

Lateral pressure of nano-engineered SCC combining nanoclays, nanosilica 
and viscosity modifying admixtures 

Hugo Varela , Gonzalo Barluenga *, Javier Puentes , Irene Palomar , Angel Rodriguez 
Department of Architecture, Universidad de Alcala, Madrid, Spain   

A R T I C L E  I N F O   

Keywords: 
Lateral pressure 
SCC 
Nanoclays 
Nanosilica 
Viscosity modifying admixtures 
Capillary pressure 
Structural build-up 

A B S T R A C T   

Self-compacting concrete (SCC) is an energy efficient building technology widely used for multiple constructive 
applications. However, the large flowability of fresh SCC produces an increase of the lateral pressure exerted on 
the formwork regarding to conventional concretes. One solution to reduce the maximum lateral pressure (Pmax) is 
to modulate the fresh performance of SCC by the addition of rheology modifiers. Among them, nanocomponents 
highlight due to their larger efficiency derived from their tiny particle size. In this study, the efficiency of nano- 
engineered SCC (NE-SCC) combining small amounts of nanocomponents, as nanoclays and nanosilica, with 
viscosity modifying admixtures (VMAs) to decrease Pmax is explored. Lateral pressure exerted by NE-SCC on 
cylindrical columns subjected to self-weight and to air pressure was assessed using wall and capillary pressure 
sensors over time. It was found that the incorporation of attapulgite and bentonite nanoclays combined with 
VMAs could reduce Pmax. This reduction was measured with wall and capillary pressure sensors on self-weight 
column and air pressure column laboratory tests, and good correlation between them over time was obtained. 
A predictive model of the maximum lateral Pressure (Pmax) and its evolution over time (PL) was proposed, related 
to SCC paste thixotropy (Athix,p), casting height (H) and SCC pressure decay coefficient (Cd).   

1. Introduction 

Self-Compacting Concrete (SCC) is an efficient technology that helps 
to increase sustainability in construction. However, fresh SCC exerts 
larger lateral pressure (PL) on the formwork than conventional con
cretes, due to its larger proportion of paste and, consequently, larger 
amount of water by concrete volume [1]. Due to its large flowability and 
low initial shear yield stress (τ0), SCC behaves similar to a thick liquid 
and the Maximum lateral pressure (Pmax) could be expected to be close 
to hydrostatic pressure [2]. However, many studies have measured 
lower values of Pmax and some predictive models have been proposed 
and evaluated [3–14]. 

This reduction of Pmax is a consequence of several reasons, such as 
friction against the formwork, compressibility of SCC due to entrained 
air and thixotropic effects due to flocculation [6]. SCC friction with the 
formwork is limited due to the low yield stress of SCC and its increase 
would reduce self-compactability. The same happens with the entrained 
air, which should not be too large if an adequate mechanical perfor
mance is required. Accordingly, the most feasible way to reduce Pmax is 

to increase SCC thixotropy [6,11,15]. 
Thixotropy can be defined as the increase of shear yield stress over 

time of mixtures left at rest (structural build-up at rest) and is produced 
by a combination of reversible and irreversible mechanisms [2,16–23]. 
Reversible mechanisms are related to bonding forces that can be broken 
if subjected to shear forces and can be described by a thixotropy coef
ficient (Athix), while irreversible mechanisms correspond to the struc
turation of the mixture due to cement hydration and percolation [23]. 

SCC thixotropy can be enhanced incorporating inorganic additions 
and organic admixtures commonly known as rheology modifiers. 
Among inorganic additions, nano components (NC) as nano-silica and 
nano-clays have been used as rheology modifiers for nano-engineered 
SCC due to the large efficiency produced by their tiny particle size 
[24–30]. Viscosity modifying admixtures (VMAs) have also been used 
alone [31–34] or combined with NC to increase thixotropy, showing 
significant synergetic effects [15,23,35]. 

To analyze the effect of rheology modifiers on Pmax exerted by SCC, 
different approaches have been described. One approach focused on SCC 
paste or mortar rheology, considering that the structural build up 
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(thixotropy) measured on paste (Athix,p) would produce practical effects 
on a multiphase mixture as SCC [5,20,23]. This scientific strategy can 
produce precise measurements although uncertain to be transferred to a 
practical scale [36]. The other approach focused on SCC samples eval
uated through field-oriented rheology tests, laboratory simulations of 
self-weight and air pressure tests and real scale tests [1]. In general, the 
larger and more realistic the test, the more expensive and less repeatable 
[9,10,12]. The influence of measurement device types and locations in 
the test setup have also shown many differences in the experimental 
results [3–5,12]. 

In this study, the effect of nano-engineered SCC, mixing inorganic 
and organic rheology modifiers, on Pmax exerted on laboratory column 
pressure tests on samples under self-weight and air pressure were 
assessed. Combinations of NC and VMAs were selected among those that 
showed higher paste thixotropy values in a previous study carried out on 
nano-engineered SCC paste samples [23]. The aim of the study was to 
evaluate the possibility of scaling the advantageous results from paste 
phase to obtain a nano-engineered SCC which exerts lower lateral 
pressure on the formwork. Also, to study wall and capillary pressure 
results correlation of SCC samples and to propose a predictive model to 
estimate the maximum lateral Pressure (Pmax) and its evolution over 
time (PL). Besides, wall and capillary pressure measurement devices and 
samples subjected to their own weight and to air pressure were also 
assessed. 

2. Experimental program: 

2.1. Materials and mix design 

Table 1 summarizes the nano-engineered self-compacting concrete 
(NE-SCC) compositions designed for the study. A reference SCC 
composition was designed using cement type CEM I 42.5 R (supplied by 
Cementos Portland Valderrivas and designated according to European 
standard EN 196–1), limestone filler Betocarb® P1-DA (85 ± 5% under 
63 μm, supplied by Omya Clariana SA), a polycarboxylate ether based 
high range water reducing admixture (HRWRA, supplied by Master 
Builders Solutions SLU) and natural siliceous aggregates, 0–4 sand and 
4–20 coarse aggregate. The reference mixture was modified incorpo
rating combinations of NC and VMAs, according to the enhanced per
formance of SCC pastes rheological parameters (structural build-up) 
evaluated in a previous study [23]. The amount of HRWRA was adjusted 
in each mixture to achieve a 650 ± 10 mm of spread diameter. 

Three types of viscosity modifying admixture (VMA) were used: 

• A poly (acrylamide-co-acrylate)-based viscosity modifying admix
ture (VMA1).  

• A polyether-methylcellulose-based viscosity-modifying admixture 
(VMA2).  

• A synthetic co-polymer viscosity-modifying admixture (VMA3). 

All VMAs were used at 0.2 % by cement weight, and VMA2 was also 
used at 0.4 %. 

A 2 % by cement weight of five types of nanocomponents (NC) were 
also incorporated: 

• Attapulgite nanoclay (palygorskite) (ATT), with needle shaped par
ticles of D (4,3) – De Brouckere Mean Diameter – of 21.97 μm and a 
BET surface of 144 m2/g. 

• Bentonite nanoclay (montmorillonite) (BE) with plate shaped parti
cles of D (4,3) of 38.42 μm and a BET surface of 138 m2/g.  

• Two types of sepiolite nanoclays (palygorskite) with needle shaped 
particles, one in a powder form (SEP), with a D (4,3) of 39.66 μm and 
a BET surface of 316 m2/g, and other dispersed in water (SEW), with 
a D (4,3) of 57.7 μm and a BET surface of 284 m2/g.  

• A water-based colloidal nanosilica (NS), MasterRoc MS 685 supplied 
by Master Builders Solutions España, SLU, with a density of 1.134 g/ 
cm3 and 22 % of solid content. 

2.2. Experimental methods 

2.2.1. Lateral pressure column setups: self-weight and air pressure 
Fig. 1 sketches the laboratory experimental setup used in this study 

to measure the lateral pressure exerted by the SCC fresh samples after 
poured inside a mold. The basic component of the testing setups con
sisted in a cylindrical steel mold of 500 mm of height and 160 mm of 
diameter with lateral openings at different heights available for insert
ing thermocouples (Ti), wall pressure transmitters (PW) and capillary 
pressure sensors (PC). Two molds were attached together, one on the 
other, reaching a 1 m height column, procuring a self-weight pressure 
column test (SWP). In addition, the top of the mold was adapted to allow 
air pressurization of SCC samples. Pressure was adjusted with a pressure 
regulator connected to an air compressor, obtaining an air pressure 
column test (APC). In both cases, columns were filled with SCC samples 
leaving a 5 cm gap at the top. 

2.2.2. Temperature and capillary and wall pressure devices 
Temperature (T) and lateral (PW) and capillary (PC) pressure were 

recorded during the test. Thermocouples were embedded inside the SCC 
samples for temperature measure. Wall pressure transmitters model 
WIKA s-11 (0–160 kPa) were placed directly on the SCC sample, 
attached to the steel mold, and aligned with the internal side. Each 
capillary pressure sensor Sensortechnics RVA (0–250 kPa) was con
nected to a plastic pipe filled with water which was inserted to the SCC 
samples after casting, pierced through holes drilled on the mold covered 
with tape to avoid leakages. 

Fig. 2 plots the experimental results obtained in the SWC and APC 
tests of temperature (T – dotted lines) and lateral pressure measured 
with wall (PW – continuous lines) and capillary (PC – dashed lines) 
pressure sensors over time on reference SCC samples. All measurements 
were related to the moment when mixing began. It can be observed that 
pressure was measured after 15–20 min after mixing on SWC test, when 
the mold was filled with SCC, while the first measurements on APC 
delayed 40 min to be achieved. 

Temperature showed an increase after SCC was introduced in the 
mold, followed by a dormant period, an increase at around 2–4 h, 
reaching the maximum value at 12–14 h, and finally a soft decay. This 
thermal profile is typical for cement-based materials during setting. 

Regarding pressure values, SWC showed an initial zero value until 
SCC sample was casted in the mold. A maximum pressure value was 

Table 1 
SCC compositions (components in kg).  

Mixture CEM I 42.5 R Limestone filler Sand Coarse aggr. Water HRWRA (%) VMA (%) Nanoclay (%) 

REF 350 175 442 597 183 0.6  – – 
VMA2BE 350 175 442 597 183 0.6  0.2 2 
VMA2(0.4)BE 350 175 442 597 183 0.8  0.4 2 
VMA2AT 350 175 442 597 183 0.6  0.2 2 
VMA3NS 350 175 442 597 151*a 1.4  0.2 2 
VMA1SEP 350 175 442 597 183 2  0.2 2 
SEW 350 175 442 597 151*a 1  – 2 

*a Water of the liquid components (SEW and NS) was also considered. SEW and NS solid residue is 22%. 
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Fig. 1. Lateral pressure experimental setups: self-weight pressure column test and air pressure column test.  

Fig. 2. Internal Temperature (Ti) and Lateral pressure measured with wall (Pw) and capillary (Pc) pressure sensors over time on reference SCC measured in the self- 
weight pressure column test (SWC) and the air pressure column test (APC). 
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followed by a smooth pressure decrease that was stabilized after 120 
min. In the APC, pressure increased when the sample was casted and air 
pressure was injected in the mold until reaching the target pressure of 
0.5 bar (50 kPa), followed again by a pressure decrease. It can be 
observed that PW and PC values showed the same pattern on both tests, 
although slight differences of the pressure values were recorded. 

However, pressure values obtained after 120 min showed measure
ment problems as: Some wall pressure transmitters recorded an increase 
of pressure instead of expected decay. That effect is due to tension 
stresses produced by shrinkage of the SCC stuck to the sensor. In 
contrast, capillary pressure sensors registered negative values produced 

by water suction in the system as the amount of water available is 
reduced due to cement hydration. Accordingly, pressure measurements 
on fresh SCC samples were considered up to 120 min. 

The experimental results obtained from the SWC and the APC tests of 
the same SCC mixture could therefore be combined as depicted in Fig. 1, 
considering the column height equivalent to the air pressure applied (air 
pressure = 0.5 bar), estimating SCC density as 2.5 g/cm3. This combi
nation allowed evaluating in laboratory conditions and with small size 
samples casting depths up to 2.66 m, recording PW measurements at 
0.10, 0.30, 0.55, 0.80, 2.31 and 2.56 m and PC measurements at 0.30, 
0.80, 2.31 and 2.56 m of depth. 

Fig. 3. Wall lateral pressure over time in the combined column experimental setup.  
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3. Experimental results 

Wall lateral pressure measurements (PW) over time in the combined 
column experimental setup are plotted in Fig. 3. Measurements were 
recorded for SWC from 15 min, while APC took longer to get readings, 
due to the time needed to put the sample under air pressure (Fig. 2), and 
the first measurements were logged 40–50 min after mixing began. 
Some APC measurements were incomplete due to difficulties to main
tain a constant air pressure on the samples during the tests. 

It was observed that the incorporation of NC reduced the initial 
pressure in some mixtures (AT and BE) for which the amount of HRWRA 

remained low, while NS, SEP and SEW samples, which required larger 
amounts of HRWRA, slightly increased PW. This reduction was larger in 
SWC than in APC tests. However, the most important change observed 
was the fastest pressure decay from 15 to 60 min produced by all NC but 
NS, regarding the reference SCC (REF). The fastest decrease was 
measured for AT, followed by BE, SEW and SEP, respectively. Regarding 
the amount of VMA2 in samples with BE, larger amount of VMA (0.4) 
accelerated PW reduction. 

Capillary lateral pressure (PC) measurements in the combined col
umn experimental setup over time are presented in Fig. 4. Four capillary 
pressure devices were used at four different column heights. It can be 

Fig. 4. Capillary lateral pressure over time in the combined column experimental setup.  
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observed that some measurements were not recorded due to the failure 
of some devices, because any loss of water from the pipe connecting the 
pressure device to the SCC sample introduced air bubbles that hindered 
sensor operation. Therefore, this set of PC results did not allow reaching 
partial conclusions by themselves. Nevertheless, the valid experimental 
measurements of capillary pressure sensors correlated quite well with 
those obtained with wall pressure transmitters. 

Table 2 presents the maximum lateral pressure values (Pmax) 
measured on SWC and APC experimental setups with wall and capillary 
pressure sensors at different depths (H in meters) and the ratio between 
Pmax and depth (H) for each SCC composition. In order to present a 
complete set of values measured simultaneously, a reference time of 40 
min after mixing was selected, which could be a good approximation to 
the time necessary to fill a formwork for a real scale structural member 
[12]. 

4. Analysis and discussion 

4.1. Wall pressure vs. Capillary pressure measurements 

Fig. 5 relates lateral pressure measured with wall (PW) and capillary 
(PC) pressure sensors at different depths and on different SCC compo
sitions. Both types of devices measured similar pressure values inde
pendently of measure depth or SCC composition, as described elsewhere 
[15]. Consequently, two conclusions can be reached. First, both types of 
pressure sensing devices can be used to evaluate lateral pressure, 
although is easier and more reliable to use wall than capillary pressure 
sensors. And second, lateral pressure exerted by SCC suspensions on the 
formwork wall was mainly due to the pressure produced in the liquid 
phase, which is the same on the wall surface and inside the suspension. 
Accordingly, the wall effect that could be expected due to friction of SCC 
against the formwork [6] can be neglected, independently of the depth 
of measurement. 

4.2. Self-weight column vs. Air column on lateral pressure measurements 

When the experimental results obtained with SWC and APC setups 
are plotted together (Figs. 3 and 4), considering the equivalent sample 
height produced by air pressure, a good correlation between lateral 
pressure and height was observed. Therefore, APC can be considered an 
advantageous option for experimental purposes in the laboratory, as 
different pressure conditions, equivalent to different column heights, 
can be tested with smaller samples and fewer pressure sensors. 

However, some issues could arise due to the difficulties to maintain 
the air pressure on the sample without leaks of material or air. Besides, it 
is not clear if the lack of fresh material on the upper part of the tested 
sample could facilitate the migration of water (bleeding) from the lower 
part of the sample, modifying the pressure readings over time due to 
earlier consolidation related to lower water to cement ratio [13]. As a 
third point, the temperature of the SCC sample during the test was lower 

in the APC than the SWC, it took longer to record the first pressure 
measurement and the pressure readings were less stable, as can be 
observed in Fig. 2. Finally, this reduced size column could be affected by 
the side effects of sample proportions (height regarding width) and the 
local effects due to the proximity to the sample bottom [6], which can 
limit the relevance of the laboratory results for real scale applications. 

4.3. Effect of combined NC and VMA on maximum lateral pressure 
(Pmax) 

The experimental results of PW measured in SWC and APC pressure 
tests can be combined to evaluate the effect of column height (H) on PW. 
Fig. 6 plots the linear adjustment of the maximum lateral pressure values 
(Pmax in kPa) listed in Table 2 and column height (H in cm) for the 
combination of experimental results measured with wall pressure 
transmitters. Each SCC mixture results were adjusted, and a Pmax/H 
mixture coefficient was obtained. 

According to the literature [4,5], Pmax/H should be related to the 
rheological properties of the paste phase of the SCC samples. Table 3 
presents the experimentally measured values of the SCC paste thixotropy 
coefficient (Athix,p) measured with DSR and a Controlled Stress protocol 
(CS) from 10 to 60 min [23]. Fig. 7 shows yield stress values (τ0) over 
time obtained from CS. These values were used to calculate Athix,p ac
cording to Eq.1 [16], where τt was the yield stress at time t (in min) and 
τ0 was the initial yield stress (in Pa), 

τt = τ0 +Athixt (1) 

Fig. 8 relates Pmax/H values obtained in Fig. 6 and Athix,p presented in 
Table 3. A good linear correlation was obtained for all NE-SCC samples 
except AT. This fact could be related to wrong rheology measurements of 
the NE-SCC paste, due to AT particle migration on DSR tests applied over 
time to the same sample [20], or to an unexpected performance of SCC 
with AT, due to the adsorption of part of the HRWRA by the finer 

Table 2 
Initial Maximum lateral pressure (Pmax) evaluated on Self-weight pressure column (SWC) and air pressure column (APC), measured with wall and capillary devices at 
40 min after mixing began.   

Wall lateral pressure (kPa) Capillary pressure (kPa)  

SWC APC SWC APC  

Depth (m) Pw-1 (0.1) Pw-2 (0.3) Pw-3 (0.55) Pw-4 (0.8) Pw-5 (2.31) Pw-6 (2.56) Pc-A (0.3) Pc-B (0.8) Pc-C (2.31) Pc-D (2.56) Pmax/ 
H 

REF 1.3 6.1 11.3 16.5 40.03 45.53 5.8 17.5 37.1 42.3 18 
VMA2BE 1.4 4.1 8.5 13.2 45.84 49.3 5.1 16.3 43.0 46.5 19 
VMA2(0.4) 

BE 
2.2 6.14 8.95 13.50 51.74 53.81 6.4 – 44.8 50.2 21 

VMA2AT 1.9 5.27 8.5 13 35.02 40.64 5.2 – 35.3 45.8 15 
VMA3NS 2.4 7.08 13.48 18.85 50.04 53.82 6.0 15.7 50.8 55.1 21 
VMA1SEP 1.4 7.33 12.16 17.53 54.06 58.67 6,7 14.3 – – 23 
SEW 2.5 6.97 12.16 17.43 47.15 49.66 7.0 18.2 – – 20  

Fig. 5. Lateral pressure measured with wall (Pw) and capillary (Pc) pressure 
sensors at different depths and on different SCC compositions. 
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particles of the aggregate [36]. The amount of HRWRA of the SCC paste 
with AT was the lowest of the set, jointly with BE, althouth they did not 
follow the same pattern. In this case, the plate shape of BE particles 
would make more difficult HRWRA adsorption by the finer aggregate 
particles and, consequently, mixtures with AT would be more affected 

by the effects of HRWRA absorption than BE. 
According to the linear adjustment obtained in Fig. 8, Pmax exerted by 

NE-SCC at 40 min can be expressed empirically as a function of the paste 
thixotropy coefficient (Athix,p in Pa/min), measured with DSR and a 
Stress Controlled protocol from 10 to 60 min [23], and the height of the 
SCC element (H in m) as per Eq. (2): 

Pmax =
(
24 − 1.8Athix,p

)
H (2) 

Eq. (2) is in good agreement with the model by Ovarlez and Roussel 
[6], considering Pmax as the difference between the hydrostatic pressure 
(PH) and the reduction of pressure produced by the increase of yield 
stress in time, equivalent to Athix,p, influenced by the height (H). Eq. (2) 
can also be expressed as per Eq. (3). 

Pmax = PH − KAthix,pH (3) 

Relating Eq. (2) with Eq.3, 24H (kPa) seems in good agreement with 
PH, as per Eq. (4), 

Fig. 6. Maximum lateral pressure (Pmax) at different depths of NE-SCC samples (results combining data measured in self-weight and air pressure columns).  

Table 3 
Thixotropy coefficient of the paste (Athix,p) measured with DSR and a Stress 
Controlled protocol from 10 to 60 min and pressure decay coefficient (Cd) of SCC 
compositions.  

SCC composition Athix,p (Pa/min) Cd (kPa/m⋅h) 

REF  –  9.02 
VMA2BE  2.9  7.32 
VMA2(0.4)BE  1.45  5.22 
VMA2AT  4.7 (*)  4.5 
VMA3NS  1.49  2.06 
VMA1SEP  0.74  4.04 
SEW  2.08  6.37 

* Calculated according to Eq. (3). 

Fig. 7. Shear yield stress over time measured with controlled stress protocol (CS) on DSR and calculated Athix,p.  
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PH(kPa) = ρgH = 2.5
(
g/cm3) ∗ 9.8

(
m/s2) ∗ H(m) = 24.5 H(kPa)

(4) 

K is in this case a constant (1.8, when H is in m and Athix,p in Pa/min) 
and would be probably affected by the ratio of aggregate and paste of the 
reference SCC [20,36], the casting rate and the mold section [6]. 
Accordingly, AT mixture could be adjusted to Eq. (2) and its effective 
Athix,p would be 4.7 Pa/min. 

4.4. Effect of combined NC and VMA on lateral pressure evolution over 
time (PL) 

As shown in Fig. 3, the lateral pressure (PL) exerted on the mold by 
SCC decays over time. The evolution of PL can be calculated as the dif
ference between Pmax and the reduction of lateral pressure over time 
(ΔP), as expressed in Eq. (5). 

PL = Pmax − ΔP (5) 

Eq. (6) is proposed to calculate ΔP, 

ΔP = Cd⋅H⋅t (6) 

where H is the height of the structural member (in m), t is the time 
elapsed since reaching the maximum value Pmax (in h) and Cd is an 
empirical SCC pressure decay coefficient (in kPa/m⋅h) calculated as the 
average PL decay measured for each NE-SCC composition evaluated in 
this study. Cd values calculated for the experimental data recorded in 
this study are listed in Table 3. 

Replacing the value of Pmax of Eq. (3) in Eq. (6), a predictive 
analytical model, combining physical and empirical parameters is pre
sented in Eq. (7), 

PL = PH − KAthix,pH − Cd⋅H⋅t =
(
ρg − KAthix,p − Cd⋅t

)
⋅H (7) 

Fig. 9 relates the measured and calculated values of NE-SCC lateral 
pressure, according to Eq. (7). A good correlation can be observed for 
both SWC (0–20 kPa) and APC (30–60 kPa) experimental results for all 
NE-SCC mixtures. 

The overall lateral pressure exerted on the mould by the NE-SCC, 
considering the initial filling time, can be modelled as depicted in 
Fig. 10. The maximum lateral pressure occurred 40 min after the initial 
mixing time and was the hydrostatic pressure less the initial effect of 
Athix. PL decayed according to a decay coefficient Cd, which could not be 
linked to Athix, probably because the cement hydration processes already 
were fully activated. 

5. Conclusions 

An experimental study on the combined effect of nanosilica (NS), 

four types of nanoclays (NC): Attapulgite (AT), Bentonite (BE) and 
Sepiolite in powder form (SEP) and dispersed in water (SEW), and three 
types of viscosity modifier admixtures (VMA) on the lateral pressure 
exerted on the formwork by nano engineered self-compacting concretes 
(NE-SCC) was presented. An experimental setup which combined a self- 
weight column (SWC) of 1 m and an air pressure column tests (APC) of 
0.5 m, both instrumented with thermocouples (T), wall pressure trans
mitters (PW) and capillary pressure sensors (PC), was used to evaluate the 
material and correlate wall and air pressure results. 

A predictive model of the maximum Lateral pressure value (Pmax) 
and its evolution over time (PL) considering the hydrostatic pressure 
(PH), the thixotropy coefficient of the SCC paste (Athix,p) and the struc
turation rate coefficient of SCC (Cd) was proposed. This model partially 
follows the existing physical and empirical models that can be found in 
the literature. 

The main findings of the study were:  

• Wall pressure transmitters showed to be more reliable than the 
capillary pressure sensors used in this study, although both were able 
to measure similar pressure values. Accordingly, it was concluded 
that PL depends mainly on pressure exerted by the liquid phase of 
SCC mixtures and that friction of SCC against the mold can be 
considered negligible for these mixtures. 

Fig. 8. Maximum initial pressure Pmax (in kPa) exerted by SCC samples by 
depth (in cm) related to the thixotropic coefficient (Athix) of the correspondent 
SCC paste measured with DSR CS [Varela 2021]. 

Fig. 9. Lateral pressure (PL) of NE-SCC measured and calculated according to 
Eq. (7). 

Fig. 10. Lateral pressure (PL) exerted by NE-SCC on the mold over time, 
considering the time required to fill-in the mold. 
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• APC is a very cheap and versatile laboratory test setup that can 
produce pressure results for different simulated member heights with 
a small sample and few pressure sensors. However, the risk of air or 
material leakages makes SWC test easier to use than APC.  

• Pmax exerted by SCC can be related to the structural build-up capacity 
(thixotropy) of fresh SCC paste measured with Athix,p. Accordingly, 
designing SCC pastes with enhanced Athix,p can be considered an 
effective way to reduce Pmax exerted by SCC. In one case (AT), the 
evaluation of SCC paste samples with DSR CS protocol under
estimated NC efficiency.  

• The combination of NC and VMAs reduced Pmax of SCC in an efficient 
way, considering the low amount of material required. Particularly, 
combined BE and AT with VMA2 samples showed a high reduction of 
Pmax during the first hour. The larger the amount of VMA2, the larger 
the reduction.  

• The evolution of PL during the first hour after mixing depended 
mainly on Athix,p. Afterwards, form 60–120 min, PL decreased ac
cording to SCC structuration rate over time, which can be evaluated 
with the empirical pressure decay coefficient (Cd). A relation be
tween Athix,p and Cd could not be found. 
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