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ABSTRACT 
This paper presents the results from a pilot study regarding lateral form pressure induced by self-
compacting concrete (SCC). Three forms were filled with different types of SCC and the form 
pressure was monitored by pressure sensors, installed in holes through the plywood form. The 
study showed that the lateral pressure directly after filling is close to the hydrostatic pressure and 
that the pressure reduces at a faster rate for SCCs with lower initial slump flow.  
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1. INTRODUCTION 
 
1.1 General 
Self-compacting concretes (SCC) are commonly used to build slender and heavily reinforced 
concrete elements, e.g. walls, due to reducing or eliminating the requirements of vibration, used 
for compacting normal concrete. However, the use of superplasticizers also have effect on the 
rheological properties and also the build-up of formwork pressure. The topic of formwork pressure 
induced by highly flowable concretes has gained some attention during the last 20 years and 
calculation models for SCC have been developed by eg Khayat and Omran [1], Lange and Tejeda-
Dominguez [2], Perrot et al [3], Gardner et al. [4]. Graubner et al [5] developed a model based on 
numerous tests, and their model was later incorporated in the German standard DIN 18218 [6]. 
 
A large field validation of ten models for predicting lateral form pressure exerted by SCC was 
conducted in Sweden 2013 and was reported in [7]. The project concluded that all the studied 
models can predict the lateral form pressure satisfactorily even though they are based on very 
different parameters, such as the structural build-up, slump-loss, setting time or pressure decay. 
The grounds for choosing a model was therefore recommended to be mainly related to ease of use 
and confidence in input parameter determination. Finally, the results showed only a small 
correlation between casting rate and the relative maximum lateral form pressure (Ph/Phyd). This 
was considered as evidence that the structural behaviour of the concrete at rest must be taken into 
account when predicting the form pressure. 
 
A master thesis project was conducted at Luleå University of Technology to study formwork 
pressure of SCC. The project was reported in [8]. The project aimed at investigating different 
material parameters needed to predict the formwork pressure according to the models mentioned 
above. The study also included some laboratory tests of different SCCs and a theoretical 



investigation of the impact of different material parameters. The material parameter tests, needed 
as input for the different models, can be divided into three test categories as shown in Figure 1:  
 
The torque test – The structural behavior of SCC at rest can be determined by the portable vane 
(PV) empirical test method [1]. This method measures the torque necessary to break the structure 
by using an immersed 4-blade vanes and a torque wrench. From the measured torque value and 
the vane geometry, the static yield stress (in Pa) of the concrete at rest can be calculated. 
 
The push test – The setting time of the concrete correlates with the structural build-up. As 
described in [6], the setting time tE can be calculated based on the setting time tE,KB measured with 
the setting bag test (thumb test), tE = 1.25 tE,KB. The setting of concrete is defined as when the 
penetration in a concrete specimen is less than 1 mm under an applied thumb force of 50 N. 
 
The slump flow test – The slump flow test can be used to determine the initial SCC grade. Gardner 
[4] also used a series of slump flow tests to the time needed for the slump flow of concrete to 
reach zero.  
 
The project reported in this paper is a continuation on the master thesis project described in [8] 
and presents the results of a laboratory investigation of three formwork pressure tests with 
different initial slump flow. 
 

 
Figure 1 – Methods to determine the concrete properties used in different formwork pressure 
prediction models. (1) Torque test, (2) Push test and (3) Slump flow test. 
 
2 METHOD 
 
A laboratory study of the formwork pressure of three SCCs with initial slump flow of 550, 650 
and 750 mm. The three concretes tested were based on the same mix-design, where the amount 
of superplasticizer was altered to obtain the different initial slump flows. The basic mix 
proportions are presented in Table 1. 
 



Table 1 – Proportions of the original concrete mix, w/c 0.55. 

Material Water CEM II 
52,5N 

Aggregate 
0-8 

Aggregate 
8-16 

Limus 40 Glennium 
Sky558 

Proportion 
[kg/m3] 

192.5 350 1013 609 160 - 

 
The test setup is presented in Figure 2, together with the design theory behind the formwork 
pressure model described in DIN 18218 [6]. The formwork consisted of 0.1 x 0.1 x 2.0 m plywood 
forms. The formwork pressure was monitored by Druck Unik 5000 pressure sensors with a 
monitoring range up to 50 kPa. The sensors were installed flush with the inner surface of the 
formwork in contact with the fresh concrete by Ø50 mm holes through the plywood. The pressure 
was monitored at four levels: 0.05, 0.25, 0,50 and 1,0 m above the base.  
 
 

 
Figure 2 – Left: Test setup. Right: Theoretical model used in DIN 18218 [6]. 
 
The forms were filled manually in four 0.5 m steps: (1) 0-0.55 m at the start of the test, (2) 0.55-
1.05 m after 1h:45min, (3) 1.05-1.55 m after 3h and (4) 1.55-2.0 m after 4 h. The average filling 
rate was therby approximately 0.5.  
 
3 RESULTS 
 
Figure 3 shows the lateral pressure after 10 minutes (each filling step took approximately ten 
minutes), 30 minutes and 60 minutes. The results showed that the lateral pressure directly after 
filling up to a height of 0.55 m is very close to the hydrostatic pressure for all three tests and that 
the pressure reduces faster for a concrete with a higher initial slump flow. 
 
Further tests are needed to evaluate the models more thoroughly.  



 
Figure 3 – Formwork pressure after 10, 30 and 60 minutes. 
 
REFERENCES 
 
[1] Omran, A.F., Naji, S., Khayat, K.H.: “Portable vane test to assess structural buildup at rest 

of self-consolidating concrete”, ACI Materials Journal, 108 (6), pp. 628-637, (2011). 
[2] Tejeda-Dominguez, F., Lange, A.D., D’Ambrosia, M.D.: “Formwork Pressure of Self-

Consolidating Concrete in Tall Wall Field Applications”, Transportation Research Record 
Journal of the Transportation Research Board, 7p. (2005).  

[3] Perrot, A., Amziane, S., Ovarlez, G., Roussel, N.: “SCC formwork pressure: Influence of 
steel rebars”, Cement and Concrete Research, Volume 39, Issue 6, pp. 524-528, (2009). 

[4] Gardner, N.J., Keller, L., Quattrociocchi, R., Charitou, G.: “Field investigation of formwork 
pressures using self-consolidating concrete”, Concr Int, 34 (1), pp. 41-47, (2012). 

[5] Graubner, C.A., Boska, E., Motzko, C., Proske, T., Dehn, F.: “Formwork pressure induced 
by highly flowable concretes–design approach and transfer into practice”, Structural 
Concrete, 13(1), 51-60, (2012). 

[6] DIN 18218:2010–01: “Frischbetondruck auf lotrechte schalungen (Pressure of fresh 
concrete on vertical formwork)”, Beuth Verlag, (2010). 

[7] Billberg, P.H., Roussel, N., Amziane, S., Beitzel, M., Charitou, G., Freund, B., ... & Khayat, 
K.H.: “Field validation of models for predicting lateral form pressure exerted by SCC”, 
Cement and Concrete composites, 54, pp.  70-79, (2014). 

[8] Emmanuelsson, E.: “Beräkningsmodeller för att beräkna formtryck vid gjutning med 
självkompakterande betong (Calculation models for calculating lateral pressures on 
formwork when using self-compacting concrete)”, Master thesis, Luleå University of 
Technology, 49 p. (2018). 

0

0,5

1

1,5

2

0 5000 10000 15000

h 
[m

]

P [Pa]

S650

10 min
30 min
60 min

0

0,5

1

1,5

2

0 5000 10000 15000

h 
[m

]

P [Pa]

S750

10 min
30 min
60 min

0

0,5

1

1,5

2

0 5000 10000 15000

h 
[m

]

P [Pa}

S550

10 min
30 min
60 min


	ABSTRACT
	1.1 General

	REFERENCES

