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ABSTRACT: The lateral pressure exerted on concrete structures formworks is influenced by 

various factors, including the aggregate content and size, water-to-cement ratio (w/c), type and 

amount of cement, presence of silica fume, fly ash, slag, ground limestone filler, type and 

quantity of superplasticizer, configuration of reinforcement steel bars, rate and method of 

placement, concrete temperature, ambient conditions, set time of concrete, and the dimensions, 

type, rigidity, and roughness of the formwork. It can be challenging, and sometimes impossible, 

to simultaneously control all these parameters. This research introduces an innovative system 

called the Concrete Pressure Reduction System (CPRS), which incorporates sacrificial 

perforated sheets. The CPRS effectively manages the lateral pressure exerted by the concrete 

and mitigates excessive pressure on the formwork. Numerical modeling demonstrated that the 

utilization of this system can reduce the maximum principal stress, maximum shear stress, and 

maximum deformation by a minimum of approximately 27%, 30%, and 25%, respectively. 

Deformation obtained from parametric studies were verified through experimental tests, which 

displayed reasonable agreement with the outcomes of the study.  

 

Keywords: Concrete Pressure Reduction System (CPRS), sacrificial perforated sheets, 

formwork. 

 

 

1. Introduction  

 

During the construction of concrete structures, it is crucial to design formworks that can 

withstand both the ultimate and serviceability limit states. Various loads, including wind, 

equipment/construction loads, snow, dead and live loads, as well as the lateral pressure exerted 

by the filling material, must be considered. For evaluation of lateral pressure, some factors must 

be checked. These factors can be summarized as follows: 

• Materials (aggregate content and size, w/c, cement type and content, silica fume, fly ash, 

slag, ground limestone filler, superplasticizer type, and content)  

• Placement Conditions (placement rate, placement method, the temperature of the concrete, 

temperature of the ambient, set time of concrete) 

• Formwork Characteristics (dimensions, type, rigidity, and roughness) 

• Reinforcement steel bars configuration  

 

2. Research History 

 

In general, research indicates that increasing the content and size of aggregates tends to result 

in a lower initial lateral pressure in concrete structures. In the context of highly flowable 
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mixtures, a study conducted by Assaad et al. (2005) revealed that an increase in the volume of 

coarse aggregates led to a reduction in lateral pressure and an accelerated rate of pressure drop 

after casting. Increasing the w/c or/and superplasticizer content increases the lateral pressure. It 

is also shown that addition of Supplementary Cementitious Materials (SCM), such as fly ash 

(Gardner, 1984), silica fume or granulated blast-furnace slag (ASTM C989, 2014) affect the 

lateral pressure and more specifically its rate of decay (Khayat et al., 2007). In fact, mixtures 

with higher cement content develop greater lateral pressure (Ritchie, 1962). Amziane et al. 

(2000) reported that the use of a discontinuously-graded aggregate with Maximum Size of 

Aggregate (MSA) of 30mm can lead to higher lateral pressure for conventional vibrated 

concrete than a continuously-graded aggregate.  Ore et al. (1968) reported that the effect of 

incorporating a water-reducing or set-retarding agent has limited influence on formwork 

pressure. Also, the effect of adding HRWRA (High-Range Water-Reducing Admixture) to 

enhance workability increased formwork pressure (Gardner, 1984). Ruiz-Ripoll et al. (2014) 

have studied the effect of mix design on fresh SCC (Self Consolidating /Compacting Concrete) 

on formwork pressure. Also. Perrot et al. (2009) studied reinforcement steel bars configuration 

on the applied lateral pressure of concrete on formworks. On the other hand, concrete pumped 

into the formwork from its bottom exhibits higher pressures than that placed from above. 

McCarthy et al. (2012) have shown that maximum concrete pressures with SCC are slightly 

lower than the full liquid head at any rates of rising in columns and walls. Base-to-top pouring 

may reduce the effects of impact pressure, as concrete entering formwork is absorbed into the 

body of the material (Johnston, 2010). The higher initial temperature of the concrete and/or the 

ambient temperature, will provide the higher lateral pressure and subsequently, a higher rate of 

pressure decay is recorded (Roby, 1935). In addition, after placement, mixtures with longer 

setting times display longer lateral pressure cancellation time (Khayat et al., 2007). In most 

studies, the pressure can be found to decrease slowly before dropping to zero approximately 3h 

after casting (Khayat et al., 2007). Several studies have established that the rate of casting could 

have marked effect on formwork pressure (Vanhove et al., 2001,  Khayat et al. 2002, Leemann 

et al. 2003, Assaad 2004, Fedroff et al., 2004, Beitzel et al., 2004, Billberg 2003 and Tejeda-

Dominguez et al. 2005). When the casting rate is so fast, formwork pressure could well reach 

hydrostatic pressure. For SCC placed at relatively moderate-to-high casting rates, Assaad et al. 

(2006) found the decrease in casting rate from 25 to 5 m/h can reduce the maximum initial 

pressure by 15%; however, no significant effect was noted on the rate of pressure drop with 

time. The casting interruption of 10 or 20 min between subsequent lifts at the middle of the 

placement was reported to lead to a considerable reduction in formwork pressure. Wolfgang et 

al. (2003) conducted such an investigation on a model wall. As expected, the decrease rate of 

placement resulted in lower lateral pressure for either the bucket and bottom injection 

placement methods. Rodin (1952) showed that smaller cross-sections exhibit lower maximum 

pressure. Gardner (1984) demonstrated that an increase in the formwork dimension will create 

a larger lateral pressure. Research also has shown that the type of formwork has an effect on 

formwork pressure. Specifically, rigid and smooth formwork materials result in higher lateral 

pressure and a lower rate of pressure drop after placement. The roughness of the forms also 

plays a role due to the dynamic friction that develops upon concrete placement (Djelal, 2001; 

Djelal et al. 2004, Vanhove et al. 2000). It was shown that the application of demoulding agents, 
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such as oil, to the formwork, can decrease friction and lead to an increase in lateral pressure 

(Khayat et al., 2007). On the other hand, Khayat et al. (2005) have shown that the scale effect 

has an influence on the rate of drop in lateral pressure with time. Arslan et al. (2005) and 

similarly, Tejeda-Dominguez et al. (2005) have shown the decrease in pressure after casting 

was dependant on the forming material.  

According to above-mentioned studies, there have been several theoretical models to predict 

formwork pressure, including several input parameters such as rate of casting, vibration system, 

setting time, consistency, form permeability and surface texture, form dimensions, coarse 

aggregate specification, the temperature and concrete unit weight (Proske et al., 2007). In 

addition to known models such as IS’s model and CAN/CSA model,  the most famous of these 

models are Omran model (Omran et al., 2013), McCarthy model (McCarthy et al., 2012), 

Models of German Standard (DIN 18218, 2010), Puente model (Puente et al., 2010), Proske 

model (Proske et al., 2010, 2014), Model of JGJ 162-2008 (Puente et al., 2010), Gregori model 

(Gregori et al., 2008), Graubner and Proske model (Graubner et al., 2005, 2008), Khayat and 

Assaad model (Assaad et al., 2006), Roussel and Ovarlez model (Roussel et al., 2005), Vanhove 

model (Vanhove et al., 2004), ACI model (ACI 347-04, 2004), Model of  TGL 33421/01 

(Puente et al., 2010), CEB-FIP model, Yu model (Yu, 2000), New Delhi model (Puente et al., 

2010), CIRIA model (CIRIA, 1985), Models of French Standard (NF P93-350, 1995) and Tah 

and Price model (Tah and Price, 1991). Above-mentioned studies and many others in the 

literature have been the bases of several codes for the general design of formwork as shown in 

Table 1. 

 

Table 1 Most common standards and regulation for formwork general design 

 

Region Regulated in Formulated in Notes and References 

  

 

EN12812:2008 ‘‘Falsework 

Performance Requirements and 

General Design’’ 

 

 

 

The European Committee for 

Standardization (CEN/TC 53 

‘‘Temporary works equipment’’) 

EN13670:2011 ‘‘Execution of 

Concrete Structures’’ 

  

  
Construction Industry Research and 

Information Association (CIRIA) 
  

For the highly workable concrete, 

hydrostatic form pressure over the total 

formwork height must be assumed (Proske 

et al.,  2014) 

The  

European 

Union  
DIN18218: 2010-01   

For the highly workable concrete, 

hydrostatic form pressure over the total 

formwork height must be assumed (Proske 

et al.,  2014) and for the design of the 

formwork, the bilinear pressure 

distribution is employed (Figure 2-14) 

  

CIB-CEB-FIP   

For the highly workable concrete, 

hydrostatic form pressure over the total 

formwork height must be assumed (Proske 

et al.,  2014) 
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The European Federation of Producers 

and Contractors of Specialist Products 

for Structures (EFNARC) 

  
Forms higher than 3m are designed for full  

hydrostatic head (EFNARC, 2002) 

USA 

American Concrete Institute (ACI) 

 

 

 

 

ACI Committee 347 (2004) (ACI 

347-04) and SP-4 (2014) 

‘‘Formwork for Concrete’’  

The lateral pressure diagram of concrete is 

assumed to be trapezoidal in shape (Figure 

2-13) (SP-4(14), 2014). 

The significant variables considered in the 

ACI recommendations are the rate and 

method of placement, consistency of 

concrete, coarse aggregate concentration,  

aggregate nominal size, concrete 

temperature, smoothness and 

permeability of the formwork material, 

size and shape of the formwork, 

consolidation method, pore-water 

pressure, content and type of cement, as 

well as the depth of the concrete 

placement, or concrete head (Proske et al., 

2014). 

  
Occupational Safety and Health 

Administration (OSHA) 
  (Nawy, 2008) 

  
American National Standards Institute 

(ANSI) 
  (Nawy, 2008) 

  
Scaffolding, Shoring and Forming 

Institute (SSFI) 
  (Nawy, 2008) 

  
American Society of Civil Engineering 

(ASCE) 
  (Nawy, 2008) 

  Formwork Suppliers (FS)   (Nawy, 2008) 

  Canadian Standards Association (CSA) CSA S269.3 ‘‘Concrete Formwork’’ 

Unless the rate of placement can be 

controlled to a design specified rate, 

column forms shall be designed for full 

hydrostatic pressure 

CANADA Canadian Standards Association (CSA) 
CSA S269.1 ‘‘Falsework for 

Construction Purposes’’ 

Unless the rate of placement can be 

controlled to a design specified rate, 

column forms shall be designed for full  

hydrostatic pressure 

  Canadian Standards Association (CSA) CSA S269-2012 (last version) 

It considered the same provisions and 

language described by the ACI 347-12 for 

determining the formwork pressure of SCC 

(Khayat et al., 2011) 

Australia 
AS3610.1 (2010) “Formwork for 

concrete” 

AS3600 (2009) “Concrete 

structures” 
  

 

3. System Configuration 

 

As can be seen in Figure 1, this system consists of two sacrificial perforated sheets which 

are connected to each other using some ties. Sacrificial sheets are located between steel bars 

and the internal surface of the formwork. This system bears the lateral pressure of concrete and 

prevents a significant pressure on the formwork. The dimensions of the sheets, the diameter of 

the holes and their arrangement are completely optional. But, any change in any of these 

parameters can change the performance of the system. The material of these sheets should be 
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such that they do not react negatively with the concrete and at the same time, they must have 

the necessary resistance. 

 

                               
 

   
 

Fig.1 The general configuration of presented concrete pressure reduction system (CPRS) 
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4. Numerical Study 

 

In this study, the PVC perforated plates are selected as sacrificial sheets. The internal width 

and the height of the formwork are 400 mm and 2,500 mm respectively. The material of the 

formwork is PVC with a thickness of 4 mm. The formwork has been assumed fixed in the 

bottom level (at y = 0). The thickness of sacrificial sheets are 3 mm and their height is 1,000 

mm too. The diameter of the holes is 20 mm. The rate of the holes to the whole surface of the 

sheets is 0.3 too. The diameter of cylindrical ties is 10 mm and the distance between them is 

700 mm. The used concrete has been modelled as a viscoelastic, homogeneous, and isotropic 

filler with a density of 2450 kg/m3. Figure 2 shows the distribution of the principal stress the 

shear stress in the formwork. As can be seen, the maximum principal stress and the maximum 

shear stress in the formwork are 22.88 MPa and 2.68 MPa respectively. These stresses are 

created adjacent to the supports. 

 

  
 

 Fig.2 Principal stress (left) and shear stress (right) distribution in the simple formwork 

 

Then the concrete pressure reduction system (CPRS) was added to the model. Figure 3 shows 

the distribution of the principal stress the shear stress in the sacrificial sheets. As can be seen, 

the maximum principal stress and the maximum shear stress in the formwork are about 150 

MPa and 36.7 MPa respectively. These stresses are created in the location of the ties. 
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Fig.3 Principal stress (left) and Shear stress (right) of the sacrificial sheets 

 

The deformation pattern of the sacrificial sheets is illustrated in Figure 4. As can be seen, the 

maximum deformation of the formwork is about 3 mm. This deformation is created in the 

middle of the locations of the ties. 

 

 
 

 

 

 
 

Fig.4 Deformation of the sacrificial sheets 
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Figure 5 shows the distribution of the principal stress the shear stress in the formwork after 

using the CPRS. As can be seen, the maximum principal stress and the maximum shear stress 

in the formwork are reduced to 16.7 MPa and 1.87 MPa respectively in compare with 22.88 

MPa and 2.68 MPa regarding simple formwork. These stresses are created adjacent to the 

supports too. 

  
 

Fig.5 Principal stress (left) and shear stress (right) distribution in the formwork with CPRS 

 

In addition, figure 6 shows a comparison between the deformation pattern of simple formworks 

and CPRS formworks. As can be seen, the usage of CPRS has reduced the maximum 

deformation of formwork from 7.18 mm to 5.35 mm. A summary of numerical results are 

collected in the table 2. Based on this table, usage of CPRS has reduced the maximum principal 

stress, the maximum shear stress and the maximum deformation of formwork by 27%, 30.2% 

and 25.5% respectively. 
 

Table 2 A summary of the numerical results 
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Fig.6 Comparison between deformation pattern of simple (left) and CPRS (right) formworks 

 

5. Conclusion 
 

• This research introduces an innovative system called the Concrete Pressure 

Reduction System (CPRS), which incorporates sacrificial perforated sheets.  

• The CPRS effectively manages the lateral pressure exerted by the concrete and 

mitigates excessive pressure on the formwork.  

• Numerical modeling demonstrated that the utilization of this system can reduce the 

maximum principal stress by a minimum of approximately 27% 

• Numerical modeling demonstrated CPRS reduces the maximum shear stress, and 

maximum deformation, 30%, and 25%, respectively.  

• Deformation obtained from parametric studies were verified through experimental 

tests, which displayed reasonable agreement with the outcomes of the study.  
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