
 

 
 

Faculty of Science and Technology 
 

MASTER’S THESIS 
 

Study program/ Specialization: 
 
 

 
Spring semester, 20...... 

 
 

Open / Restricted access 
 

Writer:  
 

 
………………………………………… 

(Writer’s signature) 
Faculty supervisor: 
 
External supervisor(s): 
 
 
Thesis title: 
 
 
 
 
 
Credits (ECTS): 
 
Key words: 
  
 
 
 
 

 
         Pages: ………………… 
     
     + enclosure: ………… 

 
 

         Stavanger, ……………….. 
      Date/year 
 

 

Front page for master thesis 
Faculty of Science and Technology 

Decision made by the Dean October 30th 2009 
 

Jørgen Thomasgaard Busterud

Konstruksjoner og materialer - 
Byggkonstruksjoner 

16

Kjell Tore Fosså

68

18

06.15./2016

30

Slipforming
Friction

Slipforming - Materials effect on friction



3 

 

Abstract 

Slipforming is a construction method for concrete and it is especially suited for tall 

constructions with simple geometry. This method have occasionally caused lifting cracks and 

other surface damages, due to the friction between the slipform panel and the concrete has 

become to high. 

The thesis will look at how the choice of material composition in concrete mixes in the 

combination of a given slipform rate would affect the friction between the slipform panel and 

concrete. The goal is also to verify that the test rig will reproduce the same results with the 

same concrete mix. In addition there will be tested ultra-high performance concrete to see if it 

can be used in slipforming. 

A total of 10 concrete mixes have been tested in the slipform rig, a reference mix, increased 

content of silica, air entrainment mix and a mix with lowered water binder ratio, in addition 

ultra-high performance concrete. 

The results indicate that the slipform rig is able to reproduce results. 

The max net static and kinetic lifting stress is increased with a higher silica content and with a 

lower water binder ratio. With increased air content the max net static and kinetic lifting stress 

is lowered. When compared to the reference mix..  
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1. Introduction 

Slipforming has gradually become a conventional construction method over the years and has 

proven to be effective for production of tall vertical concrete structures such as silos, tall 

foundations, stairwells etc. It have however been found that slipforming have occasionally 

caused lifting cracks and other surface damages, this is due to that the friction between the 

slipform panel and concrete has become too high. 

The thesis will look at how the choice of material composition in concrete mixes in combination 

of a given slipform rate would affect the friction between the slipform panel and concrete. 

There will be performed a literature review of existing literature on experiences made with 

slipforming. A laboratory program will also be executed where a new slipform rig at UiS will 

be used to test how the composition of concrete affects the friction in slipforming. The goal is 

also to verify that the test rig will reproduce the same results with the same concrete mix. In 

addition there will be tested to see if ultra-high performance concrete can be used in 

slipforming.  

In chapter 2 the relevant findings from the literature review is presented. The slipform rig at 

UiS is described in chapter 3. Chapter 4 describes the laboratory program, materials used and 

how the testing of concrete was performed. The results are presented in chapter 5 and discussed. 

And lastly chapter 6, the conclusion.   
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2. Literature review 

2.1. Slipforming 
2.1.1. Description of slipforming 

Slipforming is a construction method for concrete and it is especially suited for tall 

constructions with simple geometry. 

With slipforming one utilizes the concrete setting time to create a homogeneous layer. This is 

achieved by pouring concrete layer by layer into a form, which is lifted upwards gradually by 

a hydraulic jacking system. This allows the concrete layers to merge into each other and create 

good adhesion and one gets a homogeneous layer. 

 

 

Figure 1- Principle of slipforming 

 

The form is build around yoke frames, these holds the slipform in place and the rest of the form 

stiff. The hydraulic jacks are placed at the top of the horizontal cross beams, and uses climbing/ 

jacking rods to lift the form. The slipform panel is what holds the fresh concrete in place, and 

slides against the concrete when the form is lifted. To ease the detachment of the concrete from 

the panel it is mounted with a small inclination. The slipform panel has normally a height of 1 

to 1.3 m. [1,2] 
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2.1.2. Conical slipforming 

Slipforming can also be performed with a more complex geometry than a simple structure with 

constant cross section. Conical slipforming is performed where the structural geometry changes 

over the entire or part of the structure’s height. The structure’s wall thickness, radius and angle 

of inclination can be changed. 

In extreme cases the slipforming can have an angle of inclination up to 35 degrees, but it is not 

recommended to exceed 20 degrees. The curvature should be max 100mm per meter, and 50-

80 mm is recommended as a practical upper limit. For conical slipforming diameter smaller 

than 1.5 m should be avoided, due to lack of space. [2] 

 

Figure 2 - Conical slipforming, Troll A 

 

2.1.3. Typical constructions 

Slipforming is normally a construction method for high constructions. Typical constructions 

are: 

 Silos. 

 Machinery towers. 

 Tanks and basins. 

 Water towers. 

 Chimneys. 
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 Oil platform legs. 

 Civil buildings. 

[3] 

 

2.1.4. Pros and cons with slipforming 

Pros: 

 No horizontal construction joints. 

 Casting of thin concrete layers and with a low lifting rate provides favourable conditions 

for vibrating the concrete. 

 No need for spacers in the nominal cover. 

 When the construction process is planned carefully it is possible to achieve a high 

production rate. 

 The progress is relatively independent of weather conditions. 

 There is good visual control of the placement and compaction of the concrete. 

 For higher structures there is showed to be a cost advantage with the use of slipforming. 

 The concrete that is left exposed when the form is lifted allows it to be finished. 

 

Cons: 

 The nominal cover is constantly affected by the lifting of the form from it is poured until 

it hardens. This can give surface damages. 

 Lump formation and materials sticking to the panel will give vertical damages. 

 Vibrating on the reinforcement could give cavities along the reinforcement and poor 

adhesion. 

 There is a time pressure on the steel fixers on placing and tying the reinforcements.  

 The work must continue regardless of whether the weather gets bad. 

 With slipforming it is required a greater alertness and control than other methods. 

 Unforeseen delay in supply of concrete could possible stop the slipform.  

[4] 
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2.2. Surface damage 

Surface damages is one of the main concerns related to slipforming. From the concrete is poured 

until it leaves the form there is a higher probability of surface damages if the stress induced 

from the lifting of the slipform panel exceeds the concrete strain capacity. 

Surface damages related to slipforming can be grouped in lump formation, concrete collapse, 

delamination and lifting cracks. 

When slipforming there can sometimes be a thin concrete layer sticking to a small area on the 

panel. It will eventually start to grow and become a lump. This will eventually increase the 

friction and one will get a tear in the nominal cover where the lump displaces the concrete 

higher up in the form. The formation of lumps is believed to have a connection with a high 

ambient temperature, static friction and poorly maintained panels. 

 

Figure 3 - Beginning growth on slipform panel 

If the slipform rate have been too high or the concrete haven’t set, and it leaves the form with 

a concrete strength that is too low to carry its own weight there will be backsliding of concrete 

or concrete collapse. 

If the concrete is separated or displaced from the substrate in the cover zone it is called 

delamination. If visible, it can be seen in the cover zone as a crack parallel to the reinforcement.  

It has been seen to have a relation to problems in the start up, when the geometry of the slipform 

changes, areas above embedment plates and block out and slipform not in level. 

Lifting cracks can be seen as cracks perpendicular to the lifting direction with varying depth 

and width, but the cracks will be limited by the reinforcement. These cracks are unfortunate 

because of the weakened zone and it will create favourable conditions for degradation 
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mechanisms that will reduce the life of the structure if they are not repaired. Lifting cracks are 

created when there is long intervals between lifting of the panel so that adhesion between 

concrete and panel occurs. If the friction between the concrete and panel becomes too large 

there will be created cracks in the concrete when the panel is lifted. [1,2] 

 

2.2.1. Friction 

Leonardo Da Vinci (1452-1519) made the first scientific observation of friction. Da Vinci 

discovered that different materials moved with different efforts, and concluded that it was a 

result of material roughness, so smoother materials will have less friction.  He stated that the 

areas in contact have no effect on friction and that if the load of an object is doubled, its friction 

will also be doubled. He never published his theories. 

Later Guillaume Amontons(1663-1705) rediscovered the laws of friction and came up with an 

original set of theories. Amontons first law states that the frictional force is directly proportional 

to the normal load. 

 

Figure 4 - Illustration of Amontons first law of friction 

Eq. 1  𝐹 = 𝜇 ∗ 𝑁 

Where  𝐹: 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 

  𝑁: 𝑁𝑜𝑟𝑚𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 

  𝜇: 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑑𝑒𝑓𝑖𝑛𝑖𝑛𝑔 𝑡ℎ𝑒 𝑙𝑖𝑛𝑒𝑎𝑟 𝑝𝑟𝑜𝑝𝑟𝑡𝑖𝑜𝑛 

The second law was that the force of friction is independent of the apparent area of contact. A 

third law of classical friction was added by Charles-Augustuin de Coulomb(1736-1806) after 

detailed experimental investigations, saying that the kinetic friction is independent of the sliding 

velocity. 
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He stated that in order to set an object in motion laying on an even surface in a state of rest one 

need to overcome a critical force, the force of static friction, FS, and is roughly proportional to 

the normal force, N. 

Eq. 2  𝐹𝑆 = 𝜇𝑆 ∗ 𝑁 

Where  𝐹𝑆: 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

  𝜇𝑆: 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

After the force of static friction has been overcome, it is the resting force, Fk, kinetic friction, 

which act on the body. Coulomb also determined that the kinetic friction is proportional to the 

normal force, N.   

Eq. 3  𝐹𝑘 = 𝜇𝑘 ∗ 𝑁 

  𝐹𝑘: 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

  𝜇𝑘: 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

 

Figure 5 - Illustration of static and kinetic friction 

Eq. 4  𝜇𝑆 > 𝜇𝑘 

[5,6,7] 



21 

 

These friction laws applies to dry friction, but it can also be adapted for use with concrete. Only 

the solid particles in the fresh concrete is able to resist shear stress and contribute to friction, 

therefore the effective pressure replaces the normal pressure.  

Eq. 5  𝜎′ = 𝜎 − 𝑢 

Where  𝜎′: 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 [𝑃𝑎] 

  𝜎: 𝑁𝑜𝑟𝑚𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 [𝑃𝑎] 

  𝑢: 𝑃𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 [𝑃𝑎] 

Eq. 6  𝐹 = 𝜇 ∗ 𝜎′ =  𝜇 ∗ (𝜎 − 𝑢) 

[1] 

 

2.2.2. Slipforming rate 

The slipform rate is what that decides the effectiveness of the slipforming. Numerous things 

influence the slipform rate.  

Absolute max slipforming rate is influenced by the site organization and the time of the concrete 

hardening. Such as how the slipform is designed, or rather the height of the slipform panel. 

How fast the workers are able to pour in concrete and how quickly the reinforcement is placed 

and tied without increasing the risk or lowering the quality. It is also important to take into 

consideration what the risks of unintentional stops are. 

Also influencing the slipform rate is the setting time of the concrete. If the concrete sets too 

quickly there will be poor adhesion between layers, and if it sets to late the concrete will 

collapse when it leaves the form. This can be changed either by adding retarding or accelerating 

admixtures to the concrete. 

The effect of some of these factors can be expressed by this equation for calculating the slipform 

rate. 
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Figure 6 - Illustration of parameters affecting the slipform rate 

Eq. 7  𝑉𝑆 =
𝐻−ℎ

𝑡𝑠−𝑡𝑡
 

Where  𝑉𝑆: 𝑆𝑙𝑖𝑝𝑓𝑜𝑟𝑚 𝑟𝑎𝑡𝑒 [𝑐𝑚/ℎ] 

  𝑡𝑆: 𝑆𝑒𝑡𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 [ℎ]  

  𝑡𝑡: 𝑇𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑚𝑖𝑥𝑖𝑛𝑔 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑡𝑜 𝑝𝑙𝑎𝑐𝑖𝑛𝑔 [ℎ] 

  𝐻: 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑡𝑜𝑝 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑛𝑒𝑙 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑢𝑟𝑖𝑛𝑔 𝑓𝑟𝑜𝑛𝑡 [𝑐𝑚] 

  ℎ: 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑡𝑜𝑝 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑙𝑖𝑝𝑓𝑜𝑟𝑚 𝑝𝑎𝑛𝑒𝑙 𝑡𝑜 𝑡ℎ𝑒 𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 [𝑐𝑚] 

Eq. 8  𝐻 < 𝐻ℎ 

Where  𝐻ℎ: 𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑙𝑖𝑝𝑓𝑜𝑟𝑚𝑝𝑎𝑛𝑒𝑙 [𝑐𝑚]  

Another important factor that have an important impact on the slipform rate is friction. 

Experiments have shown that shorter times between lifting gives a lower maximum net lifting 

stress, especially static. [1] 

 

Table 1 - Effect of period between lifting 

VT148 VT144 VT145 VT150 VT151 VT146 VT147

Period between the lifts [min] 5 8 8 15 15 30 30

Maximum net sliding lifting stress[kPa] 6,5 6,1 5,8 6,3 6,9 12,1 12,8

Maximum net static lifting stress[kPa] 7,6 7,0 7,3 12,7 13,7 23,8 27,7
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The effect of lifting height is shown in table 2, where one can see that the friction is 

decreasing with higher lifting height. 

 

Table 2 - Effect of lifting height 

 

This means that with a higher slipform rate there will be less friction acting between the 

slipform panel and the concrete. 

[1] 

 

2.2.3. Surface of panel 

The slipform panel surface is normally made out of smooth steel plates that are attached to 

wooden or steel frames. As shown in table 3, smooth surfaces gives a lower friction than panels 

with a higher roughness. 

 

Table 3 - Effect of roughness 

[1]  

VT152 VT159 VT150 VT151 VT153 VT221 VT223

Lifting height [mm] 5 5 10 10 20 20 20

Maximum net sliding lifting stress[kPa] 13,9 16,6 6,3 6,9 4,6 5,4 4,9

Maximum net static lifting stress[kPa] 22,7 27,8 12,7 13,7 6,8 9,9 7,2

Formwork Very smooth pannel Smooth panel Wooden board Very rough panel

Panel friction 3,4 kN/m 4,0 kN/m 6,8 kN/m 10,0 kN/m

Roughness r = 0,02255 mm 0,0625 mm 0,49 mm 1,44 mm
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25 

 

3. Description of slipform rig 

 

 

Figure 7 - Slipform rig 

 

The main objective with the slipform rig is to identify how the different components in the 

concrete affects the friction between the slipform panel and concrete.  

All measurements are logged at 10 Hz 
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3.1. Concrete container 

The concrete container is 1000mm high, 300mm deep and 600 mm wide. This gives it at 

maximum capacity of 180L. In testing, 75L and 70L have been used due to the capacity of the 

mixer. 

 

 

Figure 8 - Concrete container 
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3.2. The slipform panel 

The slipform panel is made out of a plywood board covered with a steel plate, it has a length of 

2000mm and width 600mm. This makes the maximum height the slipform panel can be lifted 

1000mm, but due to necessary margins the panel is not lifted higher than 930mm. 

An electric engine lifts the panel with the desired frequency and height with precision. The 

slipform panel was under testing lifted 12mm and then lowered 2mm to imitate the locking 

mechanism of jacks used in slipforming. The panel was lifted every 15 minutes, giving the rig 

a slipform-rate of 40mm/h. 

 

 

Figure 9 - Illustration of slipform panel lifting 
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3.3. Force measurements 

Between the panel and the engine there is installed a force transducer measuring the lifting 

force, with a measuring range of 20kN.  

 

Figure 10 - Force transducer measuring the lifting force 

Behind the panel there are 4 force transducers with rollers measuring the concrete pressure 

acting on the slipform panel, with a measuring range of 5kN each. They are placed in two rows 

with two transducers each, centred 400mm apart. The first row is located 70mm over the lowest 

point of the concrete container and the second row is placed 580mm over the first row. 

 

Figure 11 a/b - Illustration of placement of the force transducers measuring the normal pressure 
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4. Laboratory program 

All of the laboratory work have been performed at the concrete laboratory at the University of 

Stavanger (UiS). The program consists of two main types of concrete mixes, ultra-high 

performance concrete and normal concrete. 

The goal of the laboratory work is to identify how the different components in the concrete 

affects the friction between the panel and the concrete. Reproducibility of results and 

measurement accuracy is also in focus.  

4.1. Materials 
4.1.1. Portland cement 

Norcem Anleggsement FA  

For the normal concrete mixes, Norcrem Anleggsement FA is being used. It’s a special cement 

designed for civil works. The cement can be used in all exposure, resistance and strength 

classes. It is specially adapted to Norwegian environment for use in durability class M45 and 

MF45 or higher.  

Properties:  

 Well adapted for constructions with requirements on high end strength. 

 Can be used in combination with alkali reactive aggregates. 

 Relatively low heat development. 

 Well suited for use in massive constructions. 

 Very good workability and durability. 

Figure 12 - Development of compression strength 
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Table 4 - Production value 

[8,9] 

4.1.2. Aggregate 

Aggregate is an important part in concrete, it consists of sand, gravel and stones, and takes up 

65 to 75 % of the volume of concrete. The aggregate has an effect on both the fresh and cured 

concrete properties. 

In the normal concrete mix, two types of aggregate from Velde was used, fine aggregate with 

grading 0/8mm and coarse graded 8/16mm. 

 

Figure 13 a/b - Aggregate 0/8mm and 8/16mm 
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Sieve curves for aggregates used presented in figure 14 and 15  

Figure 14 - Sieve curve for 0/8mm aggregate 

Figure 15 - Sieve curve for 8/16mm aggregate 
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4.1.3. Pozzolan 

Pozzolans are a material that react with water and calcium hydroxide and creates compounds 

possessing cementitious properties. They are often by-products from industry that are added to 

the concrete to reduce the quantity of cement in the mix. Two regular pozzolans used in concrete 

are fly ash and silica.  

2𝑆𝑖𝑂2 + 3𝐶𝑎(𝑂𝐻)2 → 3𝐶𝑎𝑂 ∗ 2𝑆𝑖𝑂2 ∗ 3𝐻2𝑂 

2𝑆 + 3𝐶𝐻 → 𝐶3𝑆2𝐻3 

𝑆𝑖𝑙𝑖𝑐𝑎 + 𝑐𝑎𝑙𝑐𝑖𝑢𝑚 ℎ𝑦𝑑𝑟𝑜𝑥𝑖𝑑𝑒 → 𝐶 − 𝑆 − 𝐻 

The cement used in the normal concrete mix contains 17% fly ash. Fly ash is a very fine 

powdery material that is a by-product from coal plants. It increases the workability of the 

concrete and provides a higher long-term strength. Because of its reduced hydration heat 

compared to portland cement it can therefore be helpful for concreting large structures where 

the temperature can be so high that it causes cracking. 

Microsilica is also used in the concrete mix. It is very fine grained, much finer than fly ash and 

have a grainsize of one percentage of cement. This means that it has an effect as filler because 

it can fill the empty space between the larger cement particles. The toughness of the concrete 

increases, which will reduce separation and prevent formation of water pockets under the rebar 

and coarse aggregate. [10] 

 

4.1.4. Admixtures 

Admixtures is materials that are added during mixing in small amounts relative to the amount 

of cement to modify the properties of fresh or hardened concrete. Regular admixtures are 

plasticizer and superplasticizer, air entraining, accelerating and retardation.  

In the normal concrete mixes Dynamon SN-X is used, a superplasticizer based on modified 

acrylic polymers. It is added to the concrete primarily to maintain workability. 

For one of the mixes Sika Aer-S was added. This is an air entraining admixture, based on 

synthetic surfactants. It forms a finely distributed air pore system in the concrete cement paste. 
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The air pores serves as expansion chamber when the moisture/ water in the cured concrete 

expands upon freezing. [11] 

4.2. Concrete mixes 

In the testing 5 different concrete mixes was used, 4 with normal concrete and one ultra-high 

performance concrete. To be able to identify how the materials affected the friction only one of 

the parameters was variated for each new mix. 

 

Table 5 - Concrete mixes tested 

The UHPC mix was provided by another master student doing his thesis in UHPC. It is 

presented in appendix A. 

 

Each of the mixes was tested twice, to verify the results.  
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4.3. Mixing 

For normal concrete 80L mix was used, and 75L for the UHPC. A total of 10 tests were 

performed, in addition a few test mixes was tried to find a concrete with suitable good 

workability. 

All of the dry materials were weighted the 

day before, so for the 0/8mm aggregate 

the moisture content was tested with a 

moisture tester the day of mixing, 

according to the procedure recommended 

by the producer as shown in appendix D, 

and the weight was corrected. For 8/16 it 

was assumed that the moisture was 0. All 

concrete mixes used is presented in 

appendix A. 

 

Mixing procedure: 

- Mixer moisturized. 

- Dry materials are added to the mixer. Cement, aggregates and pozzolan. 

- Dry mixed for 2-3 minutes 

- Water is added and mixed for 2 minutes 

- Admixtures added and mixed for 1 minute 

 

  

Figure 16  - Moisture tester 
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4.4. Testing of fresh concrete 

All tests performed on fresh concrete were made in accordance with NS-EN 12350-1:2009 [12] 

 

4.4.1. Slump-flow test 

The slump-flow test gives an indication 

on the consistence of the concrete. The 

test was performed accordingly to NS-

EN 12350-2:2009.  

Slump cone and surface are wetted, and 

the slump cone is placed on the 

horizontal surface. The cone is held 

fixed and filled with concrete. The 

concrete was not tamped because of the 

use of self-compacting concrete. When 

the slump cone is full it is carefully lifted vertically upwards within 2 to 5 seconds. Slump and 

flow are then recorded. [13] 

 

Table 6 - Slump class 

 

Table 7 - Slump-flow class 

Figure 17 - Slump cone 
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4.4.2. Measuring of air content 

For the concrete mix with air entraining agent the air content was measured with the pressure 

gauge method described in NS-EN 12350-7:2009. 

In the case of self-compacting concrete, the container shall be filled in one operation and no 

mechanical compaction shall be applied during filling or after the container is filled. After the 

container is filled, strike off level and smooth the surface with the steel trowel. The flanges of 

the container and cover assembly are thoroughly cleaned. The cover assembly is clamped, 

sealing the container. Using a syringe, water is injected through one of the two open valves 

until water emerge from the other valve. Air bleeder valve is closed and air is pumped into the 

chamber until the hand on the pressure gauge is on the initial pressure line. After tapping on the 

container, stabilize the hand on the pressure gauge is on the initial pressure line by further 

pumping in or bleeding off air. At last the main valve is opened and read the apparent percentage 

of air. [14] 

 

 

Figure 18 - Air content measurer 
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4.5. Casting 
4.5.1. Cubes 

A total of 5 cubes were made for every mix of concrete according to NS-EN 12390-2:2009. 

The dimensions of the cubes were 100x100x100 mm. The moulds were coated with form oil to 

prevent adhering to the mould. Due to the use of self-compacting concrete the mould is filled 

in one operation and no mechanical compaction is applied during filling or after the mould is 

filled. The surface is levelled with a steel trowel and covered in plastic. The specimens are left 

in the mould over night at a temperature of 20±5ºC and are then removed from the mould. The 

specimens are then cured in water at a temperature of 20±2ºC for a total of 28 days [15] 

 

 

Figure 19 - Moulds for cubes 

 

Figure 20 - Cubes 
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4.5.2. Slipform rig test 

Before the test was performed, all the surfaces of the test rig were cleaned and any loose 

particles are removed. The concrete container is coated with form oil (with exception of the 

panel) to ease the removal of the concrete block after the test. The sensors are then zeroed and 

the registration is started. The concreate is poured into the container and hand compacted to 

make sure of good casting. Two temperature gauges are placed into the concrete, approximately 

100mm under the surface. A bolt is placed in the concrete to be able to lift it out after the test. 

The slipform lifting program is started. The test is then in progress to the next day. When the 

panel is lifted to the top, the registration is manually stopped and the data is saved. The concrete 

block is then lifted out of the rig with the help of a forklift. The container and panel is cleaned. 

 

 

Figure 21 - Cured concrete block in the slipform rig 

   



39 

 

4.6. Compression strength test of cured concrete 

The compressive strength is tested accordingly to NS-EN 12390-3:2009. After 28 days of 

curing the cubes were compression strength tested. All bearing surfaces on the test machine are 

wiped clean and any loose particles or foreign objects that may come in contact with the 

pressure plates are removed from the specimen surface. Any excess moisture on the specimen 

surface is dried and placed into the test machine. The cubes are placed so that the load is applied 

perpendicularly to the casting direction. The load is applied uniform until fracture of the cube. 

[16] 

 

 

Figure 22 a/b - Testing of compression strength and tested cube 

 

Eq. 10  𝑓𝑐 =
𝐹

𝐴𝑐
  

Where  𝑓𝑐: 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔ℎ𝑡 [𝑀𝑃𝑎] 

  𝐹: 𝐹𝑟𝑎𝑐𝑡𝑢𝑟𝑒 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

  𝐴𝑐: 𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑝𝑒𝑠𝑠𝑢𝑟𝑒 𝑙𝑜𝑎𝑑 [𝑚𝑚2] 

 

  



40 

 

 



41 

 

5. Results and discussion 

5.1. Slump-flow and air content 

Results presented in table 8 and figure 23 shows that all the mixes are characterized as self-

compacting concrete. 

 

Table 8 - Slump, flow and air content 

Mix Slump [mm] Flow [mm] Air content [%]

Ref no.1 270 700 -

Ref no.2 250 600 -

15%S no.1 260 550 -

15%S no.2 250 550 -

Air no.1 270 700 6,25

Air no.2 245 600 2,5

W/B no.1 265 650 -

W/B no.2 250 600 -

UHPC no.1 280 700 -

UHPC no.2 - 800 -

Figure 23 - Slump-flow 
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5.2. Compression strength 

The compression strength for all mixes are presented in table 9 to 16 and compered in figure 

24. 

Reference no.1: 

 

Table 9 - Reference no.1 Compression strength 

Reference no.2: 

 

Table 10 - Reference no.2 Compression strength 

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 695,57 711,86 71,19

2 683,01 702,81 70,28

3 696,11 713,87 71,39

4 694,07 707,81 70,78

5 703,87 716,50 71,65

Min 683,01 702,81 70,28

Max 703,87 716,5 71,65

Average 694,53 710,57 71,06

Standard devation 0,5386743

Coefficient of var. 0,7580769

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 741,90 758,75 75,88

2 771,14 786,05 78,60

3 745,83 764,81 76,48

4 768,35 781,32 78,13

5 739,39 750,64 75,06

Min 739,39 750,64 75,06

Max 771,14 786,05 78,6

Average 753,32 768,31 76,83

Standard devation 1,4983991

Coefficient of var. 1,9502787
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15% Silica no.1: 

Results lost 

 

15% Silica no.2: 

 

Table 11 - 15% Silica no.2 Compression Strength 

  

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 690,89 703,24 70,32

2 671,96 692,14 69,21

3 690,72 709,52 70,95

4 686,40 702,92 70,29

5 642,56 655,76 65,58

Min 642,56 655,76 65,58

Max 690,89 709,52 70,95

Average 676,51 692,72 69,27

Standard devation 2,16

Coefficient of var. 3,11
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Air entrainment no.1: 

 

Table 12 - Air entrainment no.1 Compression strength 

Air entrainment no.2: 

 

Table 13 - Air entrainment no.2 Compression strength 

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 400,31 418,26 41,83

2 421,77 435,57 43,56

3 397,21 413,54 41,35

4 420,03 435,07 43,51

5 410,35 428,71 42,87

Min 397,21 413,54 41,35

Max 421,77 435,57 43,56

Average 409,93 426,23 42,62

Standard devation 0,9968851

Coefficient of var. 2,3387884

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 485,93 504,59 50,46

2 487,21 504,75 50,47

3 476,84 496,22 49,62

4 479,20 493,40 49,38

5 500,01 509,84 50,98

Min 476,84 493,40 49,38

Max 500,01 509,84 50,98

Average 485,84 501,76 50,18

Standard devation 0,6625858

Coefficient of var. 1,3203656
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W/B 0.35 no.1: 

 

Table 14 - W/B 0.35 no.1 Compression strength 

W/B 0.35 no.2: 

 

Table 15 - W/B 0.35 no.2 Compression strength 

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 898,35 914,42 91,44

2 914,49 926,84 92,68

3 905,78 920,31 92,03

4 888,45 904,69 90,47

5 876,47 893,04 89,30

Min 876,47 893,04 89,30

Max 914,49 926,84 92,68

Average 896,71 911,86 91,18

Standard devation 1,3302744

Coefficient of var. 1,4588902

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 877,78 892,09 89,21

2 877,45 893,97 89,40

3 892,07 904,19 90,42

4 870,41 883,99 88,40

5 916,11 931,78 93,18

Min 870,41 883,99 88,40

Max 916,11 931,78 93,18

Average 886,76 901,20 90,12

Standard devation 1,85

Coefficient of var. 2,06
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Ultra-high performance concrete no.1: 

Master student testing UHPC performed this test.  

Average compression strength 112.3 MPa 

 

 

Ultra-high performance concrete no.2: 

 

Table 16 - Ultra-high performance concrete no.2 Compressive strength 

  

Cube no. Fb [kN] Fm [kN] fc [MPa]

1 1121,66 1137,02 113,70

2 1397,59 1421,75 142,17

3 1385,02 1435,37 143,54

Min 1121,66 1137,02 113,70

Max 1397,59 1435,37 143,54

Average 1301,42 1331,38 133,14

Standard devation 16,846579

Coefficient of var. 12,653599
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The results displayed in Figure 24 shows that similar concrete mixes produces similar 

compressive strength. It is assumed that the compressive strength of 15% Silica no.1 is similar 

to no.2. 

  

Figure 24 - Comparison of average compressive strength of tested concrete mixes 
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5.3. Slipform rig tests 

To get a correct friction one need to subtract the rig friction from the lifting force. 

Eq. 11  𝐹𝑁𝑆 = 𝐹𝑆 − 𝐹𝑅 

Eq. 12  𝐹𝑁𝐾 = 𝐹𝐾 − 𝐹𝑅 

Where  𝐹𝑁𝑆: 𝑁𝑒𝑡 𝑠𝑡𝑎𝑡𝑖𝑐 𝑙𝑖𝑓𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

  𝐹𝑁𝐾: 𝑁𝑒𝑡 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑙𝑖𝑓𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

  𝐹𝑆: 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

  𝐹𝐾: 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

  𝐹𝑅: 𝑅𝑖𝑔 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 [𝑁] = 150 𝑁 

Eq. 13  𝐹𝑆𝑆 =
𝐹𝑁𝑆

𝐴
 

Eq. 14  𝐹𝑆𝐾 =
𝐹𝑁𝐾

𝐴
 

Where  𝐹𝑆𝑆: 𝑁𝑒𝑡 𝑠𝑡𝑎𝑡𝑖𝑐 𝑙𝑖𝑓𝑡𝑖𝑛𝑔 𝑠𝑡𝑟𝑒𝑠𝑠 [𝑃𝑎] 

  𝐹𝑆𝐾: 𝑁𝑒𝑡 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑙𝑖𝑓𝑡𝑖𝑛𝑔 𝑠𝑡𝑟𝑒𝑠𝑠 [𝑃𝑎] 

  𝐴: 𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑎𝑛𝑑 𝑠𝑙𝑖𝑝𝑓𝑜𝑟𝑚 𝑝𝑎𝑛𝑒𝑙 

Eq.15  𝜎 =
𝑁

𝐴
 

Where  𝑁: 𝑁𝑜𝑟𝑚𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

  𝐴: 𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑎𝑛𝑑 𝑠𝑙𝑖𝑝𝑓𝑜𝑟𝑚 𝑝𝑎𝑛𝑒𝑙 

The contact area of the concrete and slipform panel was for the normal concrete mixes 42𝑐𝑚 ∗

60𝑐𝑚 = 2520𝑐𝑚2 and for the UHPC 39𝑐𝑚 ∗ 60𝑐𝑚 = 2340𝑐𝑚2. 

The weight of the slipform panel is taken into account when the force transducers are zeroed. 
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5.3.1. Temperature 

Figure 25 to 34 displays how the temperature develops during the test in relation to the net 

lifting stress. 

Reference no.1: 

 

Figure 25 - Reference no.1 Temperature development 

Reference no.2: 

 

Figure 26 - Reference no.2 Temperature development 
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15% Silica no.1: 

 

Figure 27 - Silica no.1 Temperature development 

 

15 % Silica no.2: 

 

Figure 28 - Silica no.2 Temperature development 
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Air entrainment no.1: 

 

Figure 29 - Air entrainment no.1 Temperature development 

 

Air entrainment no.2: 

 

Figure 30 - Air entrainment no.2 Temperature 
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W/B 0.35 no.1: 

 

Figure 31 - W/B 0.35 no.2 Temperature development 

 

W/B 0.35 no.2: 

 

Figure 32 - W/B 0.35 no.2 Temperature development 
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Ultra-high performance concrete no.1: 

 

Figure 33 - Ultra-high performance concrete no.1 Temperature development 

Ultra-high performance concrete no.2: 

 

Figure 34 - Ultra-high performance concrete no.2 Temperature development 

 

When the temperature in the concrete starts to increase it is an indication of initial set. 

Simultaneously one can see the lifting stress increases. These results shows a correlation 

between the initial set and the development of friction. The temperature development is 

approximately similar for all the normal concrete mixes. 
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5.3.2. Normal pressure 

Figure 35 to 44 displays how normal pressure during the test in relation to the net lifting 

stress. 

Reference no.1: 

 

Figure 35 - Reference no.1 Normal pressure 

 

Reference no.2: 

 

Figure 36 - Reference no.2 Normal pressure 
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15% Silica no.1: 

 

Figure 37 - 15% Silica no.1 Normal pressure 

 

15% Silica no.2: 

 

Figure 38 - 15% Silica no.2 Normal pressure 
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Air entrainment no.1: 

 

Figure 39 - Air entrainment no.1 Normal pressure 

 

Air entrainment no.2: 

 

Figure 40 - Air entrainment no.2 Normal pressure 
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W/B 0.35 no.1: 

 

Figure 41 - W/B 0.35 no.1 Normal pressure 

 

W/B 0.35 no.2: 

 

Figure 42 - W/B 0.35 no.2 Normal pressure 
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Ultra-high performance concrete no.1: 

 

Figure 43 - Ultra-high performance concrete no.1 Normal pressure 

Ultra-high performance concrete no.2: 

 

Figure 44 - Ultra-high performance concrete no.2 Normal pressure 

The normal pressure immediately starts to decrease, before it eventually starts to flatten and 

starts to increase. This is because the concrete starts to get elastic properties. I addition one can 

see that when the normal pressure is at its lowest when the lifting stress is at its highest. The 

normal pressure seems also to be similar for all mixes, with the exception of UHPC no.1. 
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5.3.3. Net static and kinetic lifting stress 

Figure 45 to 54 displays the development of the net static and kinetic lifting stress. 

Reference no.1: 

 

Figure 45 - Reference no.1 Net lifting stress 

 

Reference no.2: 

 

Figure 46 - Reference no.2 Net lifting stress 
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15% Silica no.1: 

 

Figure 47 - 15% Silica no.1 Net lifting stress 

 

15% Silica no.2: 

 

Figure 48 - 15% Silica no.2 Net lifting stress 
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Air entrainment no.1: 

 

Figure 49 - Air entrainment no.1 Net lifting stress 

 

Air entrainment no.2: 

 

Figure 50 - Air entrainment no.2 Net lifting stress 
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W/B 0.35 no.1: 

 

Figure 51 - W/B 0.35 no.1 Net lifting stress 

 

W/B no0.35 no.2: 

 

Figure 52 - W/B 0.35 no.2 Net lifting stress 
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Ultra-high performance concrete no.1: 

 

Figure 53 - Ultra-high performance concrete no.1 Net lifting stress 

 

Ultra-high performance concrete no.2: 

 

Figure 54 - Ultra-high performance concrete no.2 Net lifting stress 
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Figure 55 - Comparison of Max net static and kinetic lifting stress 

 

Figure 55 shows the comparison of max net static and kinetic lifting stress. From the results 

one can see that for the normal concrete mixes there is a reasonably correlation for the similar 

mixes. There is also a clear difference of the net lifting stress for the different concrete mixes.  

For the ultra-high performance concrete however there was not a clear correlation. This might 

be explained by that for the first mix there was a problem with the loss of workability and it 

became extremely sticky. There was also a problem with the data registration for UHPC no.1 

as it suddenly stopped logging, this is unknown if effected the reading that was stored, but most 

likely didn’t have any effect on the data. However, one can see that the normal pressure is very 

low for that test, and most likely not true.  

  



65 

 

6. Conclusion 

The purpose of this thesis was to, determine how the materials in concrete affected the friction 

between the slipform panel and the concrete, verify that the slipform rig would reproduce results 

with the same concrete mix, and in addition look at the possibility of use of ultra-high 

performance concrete in slipforming. 

From the results presented in chapter 5, one can conclude with: 

 The slipform rig is able to reproduce results. 

 Increased content of silica in the concrete mix will give a clearly higher max net static 

lifting stress and a slightly increased max net kinetic lifting tress, when compared to the 

reference mix. 

 A lower water binder ratio will give a higher max net static lifting stress and a slightly 

increased max net kinetic lifting stress, when compared to the reference mix. 

 With a higher air content will both the max net static and kinetic lifting stress be 

lowered, when compared to the reference mix. 

 The results can indicate that the use of ultra-high performance concrete in slipforming 

seems to be possible as long as the problem with the workability is handled. To be able 

to give a more conclusive answer more testing needs to be done with this type of 

concrete.  
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Appendix A - Concrete mixes 

Prosj./id.: Reference no.1  
       

Blandevolum:   80 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 385,0 30,803     30,803  

Elkem Microsilica  19,3 1,540 0 0,000 1,540  

  0,0 0,000 0 0,000 0,000  

Fritt vann 169,4 13,553   -1,599 11,955 12,674 

Absorbert vann 9,0 0,719     0,719   

Velde 0/8 mm. 952,7 76,219 1,7 1,296 77,515  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 67,591 0,0 0,000 67,591  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 4,6 0,370 82 0,303 0,370  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Prosj./id.: Reference no.2  
       

Blandevolum:   80 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 385,0 30,803     30,803  

Elkem Microsilica  19,3 1,540 0 0,000 1,540  

  0,0 0,000 0 0,000 0,000  

Fritt vann 169,4 13,553   -1,370 12,183 12,902 

Absorbert vann 9,0 0,719     0,719   

Velde 0/8 mm 952,7 76,219 1,4 1,067 77,286  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 67,591 0,0 0,000 67,591  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 4,6 0,370 82 0,303 0,370  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Prosj./id.: 15% Silica no.1  
       

Blandevolum:   80 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 332,8 26,622     26,622  

Elkem Microsilica  49,9 3,993 0 0,000 3,993  

  0,0 0,000 0 0,000 0,000  

Fritt vann 173,0 13,843   -3,158 10,685 11,404 

Absorbert vann 9,0 0,719     0,719   

Velde 0/8 mm 952,7 76,219 3,8 2,896 79,116  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 67,591 0,0 0,000 67,591  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 4,0 0,319 82 0,262 0,319  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Prosj./id.: 15% Silica no.2  
       

Blandevolum:   80 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 332,8 26,622     26,622  

Elkem Microsilica  49,9 3,993 0 0,000 3,993  

  0,0 0,000 0 0,000 0,000  

Fritt vann 173,0 13,843   -1,634 12,209 12,928 

Absorbert vann 9,0 0,719     0,719   

Velde 0/8 mm 952,7 76,219 1,8 1,372 77,591  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 67,591 0,0 0,000 67,591  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 4,0 0,319 82 0,262 0,319  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Prosj./id.: Air entrainment no.1  
       

Blandevolum:   87 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 385,0 33,497     33,497  

Elkem Microsilica  19,3 1,675 0 0,000 1,675  

  0,0 0,000 0 0,000 0,000  

Fritt vann 169,4 14,739   -0,339 14,400 15,182 

Absorbert vann 9,0 0,782     0,782   

Velde 0/8 mm 952,7 82,889 0,0 0,000 82,889  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 73,505 0,0 0,000 73,505  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 4,6 0,402 82 0,330 0,402  

Sika AER-S 0,1 0,010 91 0,009 0,010  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  

 

  



75 

Prosj./id.: Air entrainment no.2  
       

Blandevolum:   87 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 385,0 33,497     33,497  

Elkem Microsilica  19,3 1,675 0 0,000 1,675  

  0,0 0,000 0 0,000 0,000  

Fritt vann 169,4 14,739   -0,339 14,400 15,182 

Absorbert vann 9,0 0,782     0,782   

Velde 0/8 mm. 952,7 82,889 0,0 0,000 82,889  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 73,505 0,0 0,000 73,505  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 4,6 0,402 82 0,330 0,402  

Sika AER-S 0,1 0,010 91 0,009 0,010  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Prosj./id.: W/B 0.35 no.1  
       

Blandevolum:   80 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 413,5 33,081     33,081  

Elkem Microsilica  20,7 1,654 0 0,000 1,654  

  0,0 0,000 0 0,000 0,000  

Fritt vann 159,2 12,736   -1,240 11,496 12,215 

Absorbert vann 9,0 0,719     0,719   

Velde 0/8 mm 952,7 76,219 1,2 0,915 77,134  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 67,591 0,0 0,000 67,591  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 5,0 0,397 82 0,326 0,397  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Prosj./id.: W/B 0.35 no.2  
       

Blandevolum:   80 liter      

Dato:            

Tidspunkt for 
vanntilsetning            

Ansvarlig:            

Utført av:            

       

Materialer Resept Sats Fukt* Korr. Oppveid**  
  kg/m3 kg % kg kg   

Norcem Anlegg FA 413,5 33,081     33,081  

Elkem Microsilica  20,7 1,654 0 0,000 1,654  

  0,0 0,000 0 0,000 0,000  

Fritt vann 159,2 12,736   -1,240 11,496 12,215 

Absorbert vann 9,0 0,719     0,719   

Velde 0/8 mm 952,7 76,219 1,2 0,915 77,134  

 0,0 0,000 0,0 0,000 0,000  

Velde 8/16mm 844,9 67,591 0,0 0,000 67,591  

 0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

  0,0 0,000 0,0 0,000 0,000  

Dynamon SX-N 5,0 0,397 82 0,326 0,397  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

  0,0 0,000 100 0,000 0,000  

Stålfiber 0,0 0,000     0,000  

PP-fiber 0,0 0,000     0,000  
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Liter 75,00

Material Planned

Anleggssement 59,63

Elkem Microsilica 11,790

Water 13,360

Milsil W12 16,110

Quartzsand H33 75,930

Defoamer 0,033

BASF ACE 430 3,167

w/c 0,224

Ultra-high performance concrete
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Appendix B – Dynamon SX-N 
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Appendix C – SikaAer-S 
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Appendix D – Moisture Test Procedure 
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