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TECHNICAL PERFORMANCE OF CEMENTITIOUS GROUTING MATERIALS 
FOR ONKALO - Laboratory Tests 2006 

ABSTRACT 

During 2006 the development of high and low-pH cementitious grouts for fractures > 

100 µm designed for the ONKALO rock was continued within the LPHTEK/IMA-

project. The main focus in laboratory was to study high pH micro cement grouts. 

The low pH (  11.0) of the cementitious grout material is required in deep repository as 

natural pH plume deriving from pure cement paste is very high and moves via ground 

water circulation in bedrock. This may be deleterious to the protective covers of nuclear 

waste.

The objective to study high pH grouts in laboratory was to optimise their composition 

and to get preliminary test results. Low pH grouts based on Portland cement + micro 

silica were also studied further in laboratory to understand their behaviour more 

thoroughly in different conditions and due to quality changes in materials and to 

compare the laboratory results with the field results. Alternative fine-grained glass 

material was briefly studied to replace silica in low pH grout. Low and high pH rock 

bolt mortars were also developed and tested to get the preliminary test results. 

The results of the 2006 laboratory work are presented in this report. The high pH micro 

cement mix U1 with no silica, mix 5/5 with moderate silica and low pH mix P308B rich 

in silica show generally good properties at fresh and hardening stage at +12 C. Lower 

temperature gives weaker strength build-up with all the mixes and weakens especially 

the Marsh fluidity and penetration ability of the mixes 5/5 and P308B as bulk density 

rises a little at lower temperature. Cement quality variation and insufficient mixing may 

also weaken the properties of all mixes. Deformation of the hardened mixes was 

observed in laboratory tests. This may weaken their durability if cracks are formed in 

the grouts at later ages and need to be studied more thoroughly. 

Keywords: ONKALO, low pH injection grout, high pH injection grout, penetration 

ability, Marsh fluidity, early age shear strength, compressive strength, mixing, 

temperature, durability. 



ONKALOON TARKOITETTUJEN SEMENTTIPOHJAISTEN INJEKTOINTI-
AINEIDEN TEKNINEN TOIMIVUUS - Laboratoriokokeet 2006 

TIIVISTELMÄ

Vuonna 2006 jatkettiin yli 100 µm rakojen injektointiin ONKALOn kalliotilassa 

tarkoitettujen sementtipohjaisten, matalan ja korkean pH:n injektointimassojen 

kehitystyötä LPHTEK/IMA-projektissa. Laboratoriotutkimus painottui korkean pH:n 

mikrosementtimassoihin.  

Sementtipohjaisille injektointimassoille vaaditaan alhainen pH (  11.0) ydinjätteen 

loppusijoitustilassa, koska puhtaan sementtipastan luontainen pH on hyvin korkea ja se 

siirtyy valumalla pohjaveden mukana kalliossa, mikä saattaa olla haitallista ydinjätettä 

suojaaville kerroksille. 

Laboratoriotyön tavoitteena oli optimoida korkean pH:n massojen koostumusta ja tehdä 

niille ennakkokokeet. Matalan pH:n, Portland-sementtiin + mikrosilikaan pohjautuvia 

massoja tutkittiin edelleen laboratoriossa, jotta niiden käyttäytymistä ymmärrettäisiin 

paremmin eri olosuhteissa ja materiaalien laatuvaihteluiden takia sekä laboratorio- ja 

kenttäkokeiden vertailemiseksi. Vaihtoehtoista, hienojakoista lasimateriaalia tutkittiin 

suppeasti silikan korvaamiseksi matalan pH:n massassa. Matalan ja korkean pH:n 

juotosmassoja kehitettiin myös ja testattiin ennakkokokeiden tulosten saamiseksi. 

Vuoden 2006 laboratoriotöiden tulokset on esitetty tässä raportissa. Korkean pH:n 

mikrosementtimassat U1 (ei silikaa), 5/5 (jonkin verran silikaa) ja matalan pH:n massa 

P308B (paljon silikaa) toimivat hyvin tuoreena ja kovettumisvaiheessa +12 C:ssa.

Lujuudenkehitys heikkenee alhaisemmassa lämpötilassa kaikilla massoilla ja varsinkin 

Marsh-juoksevuus ja tunkeutuvuus heikkenevät erityisesti massoilla 5/5 ja P308B 

tilavuuspainon kasvaessa hieman alhaisemmassa lämpötilassa. Sementin laatuvaihtelu 

ja riittämätön sekoitus heikentävät myös kaikkien massojen ominaisuuksia. 

Kovettuneiden massojen muodonmuutokset havaittiin laboratoriokokeissa. Tämä voi 

heikentää massojen kestävyyttä, mikäli säröjä muodostuu massoihin myöhemmällä 

iällä, mikä edellyttää lisätutkimuksia.  

Avainsanat: ONKALO, matalan pH:n injektointiaine, korkean pH:n injektointiaine, 

tunkeutuvuus, Marsh-juoksevuus, varhaislujuus, puristuslujuus, sekoittaminen, 

lämpötila, kestävyys. 
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LIST OF ABBREVIATIONS 

agg Aggregate 

agg/p Aggregate to paste -ratio 

ASR Alkali silica reaction 

bcrit Critical aperture for a grout to penetrate (all grout penetrates) 

bmin Minimum aperture for a grout to penetrate  

C3A Tricalcium aluminate 

Ca(OH)2 or CH Calcium hydroxide 

DM  Dry material (weight) 

GA  GroutAid, commercial stabilised microsilica slurry  

HpHC  High pH cement 

HpHMC  High pH micro cement 

HpHRBM  High pH rock bolt mortar 

IMA  Project concerning the optimising of technical properties of 

high and low pH cement grout 

LpHC Low pH cement 

LpHMC Low pH micro cement 

LpHRBM Low pH rock bolt mortar 

LPHTEK  Project concerning the optimising of technical properties of 

low pH cement grout 

M-SPL Melamine based superplasticizer 

NES Apparatus for measuring penetrability properties of a grout 

NS-SPL Naphtalene sulphonate based superplasticizer 

PC Portland cement 

POSIVA Nuclear waste management company in Finland 

R650 Rheocem 650 SR, sulphate resistant Portland micro cement 

RH Relative humidity 

SF  Silica Fume /microsilica / = silica component of commercial 

product GroutAid 

sil/cem  Silica to cement -ratio 

SPL Superplasticizer 

T  Temperature 

UF16  Ultrafin16, sulphate resistant Portland micro cement  

W/DM Water to dry material ratio 

wt-% Weight-% 

vol-% Volume-% 
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FOREWORD

Laboratory work, which mainly belongs to the LPHTEK/IMA project has been ordered 

and supervised by Posiva. Contesta Oy is responsible for performing the tests and 

giving a scientific judgement about the results and together with Posiva to design the 

complementary tests. The tests have been mainly carried out at Contesta’s laboratory, 

but some part of the work has been conducted by VTT or by Cementa with guidance 

from Contesta and Posiva.  

The laboratory tests were done by Contesta Oy during the time period January 2006 – 

December 2006. Mixing and testing cementitious grouts in laboratory was done 

according to the instructions given by Posiva Oy. Contesta Oy operates as an approved 

testing laboratory under the Finnish Building Code. For the Vantaa laboratory, the 

essential parts of the testing functions have been accredited and Contesta Oy acts as a 

notified testing laboratory under the Construction Products Directive. 

Project leader for laboratory work at Contesta Oy has been geologist, M.Sc. Paula 

Raivio who performed mix planning and guidance for testing. The laboratory mixes 

were prepared and tested mostly by Paula Raivio and foreman Jaakko Roinisto together 

with various laboratory employees. Rainer Kvickström was responsible for taking care 

of the laboratory instruments and purchase of necessary accessories. Technical Manager 

Aki Schadewitz was consulted in certain testing and material behaviour issues. 
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1 INTRODUCTION 

Posiva, SKB and NUMO co-operated in developing low-pH grouts for deep repositories 

2002 - 2005. The non-cementitious low-pH grouts for fractures < 100 µm were studied 

in Sweden. The development of low-pH cementitious grouts for fractures > 100 µm was 

done in Finland. 

Several cementitious binder material combinations for fractures > 100 µm were studied 

within the project. The most promising and suitable system was Portland cement + 

microsilica. The targets with regard to the main properties (pH and penetration ability) 

were reached, but all technical properties were not satisfying.

Posiva continued the optimisation of Portland cement + microsilica + superplasticizer –

mixes within the LPHTEK-project during 2005. The work comprised laboratory studies, 

two batch mixing tests in field conditions, the third pilot field test and monitoring of the 

test area. The mix P308B (SF/PC=0.69, naphtalene sulphonate SPL 4%) met most of 

the targets in laboratory and in field tests, but the results were also dependent on 

material quality and testing conditions.  

During 2006 the laboratory work was continued within the LPHTEK/IMA-project. This 

report describes laboratory work done for grouting materials planned to be used in 

ONKALO. The main emphases have been on high pH micro cement (HpHMC) and, to 

a lesser degree, on low pH micro cement (LpHMC). Coarse SR cement and rock bolt 

mortar have been studied, both with high pH and low pH. Alternative materials have 

also been tested. 
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2 GENERAL OBJECTIVES 

The objectives to study high and low pH micro cement grouts are to find technically 

acceptable mixes that are suitable to be used in ONKALO. The target of the laboratory 

work has been twofold. First the results have served as normal preliminary tests for 

grouting materials. Secondly the aim was to collect information of micro cement 

properties for further development. One idea was to clarify how much variation in raw 

materials or prevailing conditions influence to the results.  

The objective to study coarse SR cement grouts is to find technically acceptable mixes 

to be used in ONKALO. High and low pH coarse SR cement grouts are intended for 

wider openings that need not to be filled with fine-grained micro cement grouts. Coarse 

SR cement mixes need not to have as good penetration ability as micro cement mixes 

but other preliminary test results are needed. 

The objective to study rock bolt mortar is to develop a low pH mix that could be used in 

ONKALO.
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3 TASKS AND TESTING PROCEDURE 

The program was planned to be implemented stepwise. First screening tests were done 

for some candidates and most promising recipes were selected for more detailed 

analysis. Also for most promising materials complementary tests were done to see how 

the possible changes in work procedure or conditions may influence to the results. This 

work helps to understand possible variations in the field where work cannot be as 

controlled as it is in the laboratory.  

The whole laboratory test program has not been implemented in accordance with 

original plans. The reason was that based on the laboratory results the UF16 cement 

gave satisfactory results and some delivery problems occurred with other micro 

cements.  

Testing of low pH cementitious injection grouts continued in the Contesta laboratory 

since 2005. Preliminary tests were performed in 2006 for injection grouts presently at 

use in ONKALO. Material behaviour and questions that arouse at the field were 

clarified with laboratory tests. In addition to very fine-grained, various micro cements 

other materials were tested in laboratory including coarse cement and different types of 

additives. Rock bolt mortar with and without fine aggregate was also tested in 

laboratory.
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4 REQUIREMENTS FOR THE LABORATORY WORK 

Detailed requirements for the laboratory work are stated in Sievänen & al. 2006. The 

requirements of LpHMC mixes are given also in Table 4-1. The requirements for 

HpHMC are the same except there is no requirement for pH of the mixes. For coarse SR 

cement appropriate requirements were selected from Table 4-1. 

For rock bolt mortar the requirement is high compressive strength (>45 MPa at 28 

days). Other requirements like behavior at fresh state and shrinkage were considered as 

requirements, but limits were not selected. The development of workable low pH (

11.0) rock bolt mortar was one of the targets and preliminary studies were initiated. 
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5 MATERIAL REQUIREMENTS AND RECIPE DESIGN 

The requirements for grouting material for ONKALO are listed here:  

- sulphate resistant cements are accepted for use in ONKALO (SFS-EN 197-1) 

- the normal cement should have max GSD d95 15…20 µm 

- for special occasion also one tested coarse cement should be as standby material 

- the SPL if needed should be naphthalene sulphonate type 

- the accelerator if needed should be inorganic and accepted -from the long term 

safety point of view 

- the setting should be so fast that excavation work can continue 6 hours after 

grouting is over 

- also practical properties must be ensured like: immediate availability; good 

pumpability. 

Ultrafine 16 (Cementa Ab) was already used in ONKALO and it was primary candidate 

for tests. GroutAid has been used in ONKALO, while it decreases the pH and makes 

grout mix more stable. The normal grout used in ONKALO consisted of small amount 

of GroutAid (Elkem). Melamine type superplasticizer SP40 (Scancem/SIKA Norge) 

was changed to the naphthalene sulphonate type superplasticizer Mighty150 

(Scancem/SIKA Norge) in the end of 2005. Following recipes were proposed in the 

beginning of 2006 for laboratory testing:  



16

Table 4-1. Required and desired properties for laboratory work of LpHMC mixes. All 
properties were not tested systematically in laboratory or at the time specified in the 

table. See details of testing in Chapter 6. 

Order of  

importance 

Property Requirement Measuring 

method

pH  11.0  Leaching tests 

Density To be determined 
for each mix. 
Acceptable limits 
20 kg/m3

Densimeter. Acceptable 
value shall be obtained 
before other properties 
are tested. 

Required 
properties 

Penetrability bmin

Penetrability bcrit

Penetrability 

Penetrability  

 80 µm 
 120 µm 

 300 ml 

 100 µm

Penetrability meter
at 30 min 

Filter pump (100 µm and 
smaller, if this target is 
reached) at 30 min 
NES-test at 30 min 

 Viscosity 

Fluidity

 50 mPas 

 45 s 

Rheometry at 30 min 

Marsh funnel at 30 min 

 Shear strength at 6 h  500 Pa Fall cone at 6 h 

Workability time 30 min Determined by 
penetrability and rheology 

Shear strength at 8 h 2 kPa Fall cone at 8 h 

Bleed  2% Measuring tin at 2 h 

Desired 
properties

Yield value  5 Pa Rheometry at 30 min 

 Compressive strength   4 MPa Uniaxial compressive 
strength at 28 d 

- SR cement (Finnsementti Oy) coarse grout, variation in SPL type and amount, 

W/DM, GroutAid content 

- UF16 cement with variation in GroutAid content, W/DM, SPL amount 

- UF16 cement + accelerator, variation in accelator amount, W/DM 

- UF12 cement, variation in GroutAid content, W/DM, SPL amount 

- Microcc cement (CT-yhtiöt) with and without GroutAid, with variation in 

W/DM and SPL amount 

- Rheocem650SR cement (Degussa/Basf) with and without Grout Aid, with 

variation in W/DM and SPL. 
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6 MIXING PROCEDURE AND TESTING METHODS 

All the injection grout materials and specimens were cooled before mixing and during 

the first day. During mixing the whole mixing device up to the edge of the mixing bowl 

was immersed in a tank filled with running cold tap water. Cold tap water was also used 

in the mixes. Weighing the materials and testing was usually performed at room 

temperature (about 20 C). The temperature changes during mixing were recorded at the 

beginning and at the end of mixing. The target temperature was either 7 C or 12 C.

After the first day the compressive strength prisms were stored at a temperature of 20 

C and a humidity of 100% RH until tested at the age of 28 days (and later 91 days for 

some mixes). 

Mixing, storing and testing of materials and specimens of rock bolt mortar were 

performed at room temperature. 

Posiva Oy purchased a new high-speed Desoi AKM-70D 1500 W mixer for testing of 

injection grouts (Figs. 6-1a & b). The mixing volume was max 10 litres and the mixing 

speed could be adjusted between 3 900 - 10 000 rpm. The mixer was very efficient for 

the usual 3 litres volume and usually rather low mixing speed was enough. The only 

problem with the mixer was that the motor became very hot at times during mixing and 

stopped for about one minute, sometimes 3 - 4 times during a 5 minutes mixing time. 

As a result the motor was changed to a bigger type, 1800 W, with a constant 10 000 rpm 

speed, but this led to extensive heating of the mass during mixing and could not be used 

further. Some mixes were prepared with an AEG SB2E 750 SuperTorque drill mixer 

with a high-power disc (0-1200/3400 rpm, Figs. 6-2a & b). The AEG mixer was a 

powerful mixer for mass mixing, but its ability to disperse silica granules was not as 

efficient as with the Desoi mixer. 

To make the customary tests of injection grouts a 3 litres batch was enough. For further 

testing with the penetrability meter a double batch, about 6 litres, was prepared. Due the 

new mixer and cooling during mixing the mix temperature was kept close to the target 

temperature at most times. 

The mixing order for injection grouts was usually the following: cement was added first 

to a major part of the water and the mixing proceeded for 2 minutes after which SPL 

was added together with the remaining water. Last some microsilica slurry (GroutAid) 

was slowly added (if was) to the mixture. Mixing continued for 3 minutes at elevated 

speeds. Total mixing time was mostly about 5 minutes. The mixing time without 

GroutAid were shortened to 2 + 2 minutes. The age of the mixes was measured from the 

end of the mixing time. For some mixes the mixing order was reversed or the mixing 

time was shortened/prolonged. 

Directly after mixing the Marsh funnel test was performed of the injection grout. The 

bulk density of the mix was calculated by weighing the 1 litre volume. Next filter pump 

test was performed (Figs. 6-3a &b, filter mesh size usually 100 m, in some cases 130 

m). A new filter was used each testing day for a set (7 - 10 masses) of masses. The 

mass was tested according to the test method at the age of about 5 minutes. The batch 

was held in a bucket in the cabinet at 7 C / 12 C until it was mixed again with a boring 

machine mixer and tested at the age of 1 h with a Marsh funnel. Laboratory mixes were 

not agitated in the same way as in the field. 
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Figure 6-1a. Mixing set up with the Desoi 
AKM-70D mixer. 

Figure 6-1b. The mass being effectively 
mixed at medium speed with the Desoi 

mixer.

Figure 6-2a. AEG SB2E 750 SuperTorque 

drill mixer with a high-power disc (0-

1200/3400 rpm). 

Figure 6-2b. The mass being effectively 

mixed at medium speed with the AEG drill 

mixer.

Samples were taken after the first Marsh funnel test for the shear strength test wit a fall 

cone and for the bleeding test. With some mixes mass was held into a cup that was kept 

at target temperature. The beginning of the setting was followed with this field test by 

tilting the cup at about 1 hour intervals. Setting had started after the mass stopped 

flowing during tilting. Setting had ended after the pen sank no more on the surface of 

the injection grout. For compressive strength testing 3 prisms sized 40 mm x 40 mm x 

160 mm were cast of each mix of the portion that was tested at a 1 hour Marsh funnel 

test. Otherwise there would not have been enough mass for the prisms. The specimens 

were stored in the cabinet at 7 C / 12 C for the first day, after that at 100%RH / 20 C.
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Figure 6-3a. Filter pump test, the mass 
intake at the middle of the can. 

Figure 6-3b. Measuring the mass that 

penetrated the 100 m filter in the filter 

pump test. 

The bleeding test was measured at the age of 2 hours. The fall cone tests were 

performed at the ages of 6 h and 24 h. As it was expected that no test result would be 

achieved with many mixes in the 24 h fall cone test, the compressive strength testing 

was performed at 24 h for almost all mixes. Compressive strength was tested also at 28 

days and 91 days for some mixes (Fig. 6-4). 

For the penetrability meter (Fig. 6-5) two sets of batches were usually prepared, 6 litres 

altogether (sometimes 6 - 8 litres was prepared at one mixing). Before testing, the two 

sets of batches were poured into a bucket and mixed with a boring machine mixer in 

order to achieve a uniform mass. The age of the mass in the test was about 15 - 20 

minutes counting from the age of the first batch. The mass run through the penetrability 

meter was not used in any other test due to possible destruction of the newly formed 

cement hydration products. In actual grouting the grout batches are moved to the 

agitator after mixing and then pumped into the bedrock. A new batch will be mixed 

with the former one in the agitator and thus the mass that is grouted represents several 

batches of varying ages. Also the pressure used at the laboratory penetrability test was 

only 1 bar. It is remarkably lower compared to the normal grouting pressures (20 - 100 

bars).

It turned out that the actual measured mesh sizes of filters for the penetrability meter 

often differed from the nominal sizes. The filters were afterwards checked by 

microscopy and image analysis and the filter sizes were corrected to measured mesh 

sizes.
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Figure 6-4. Compressive strength test of a 
prism.

Figure. 6-5. Penetrability meter testing. 

The equipment for the rheology tests was brought to the laboratory and the selected 5 

injection grout mixes to be tested were prepared as usual in cooled conditions. The 

rheology methods are described e.g. in Kronlöf (2005). Viscosity determinations were 

done at spindle rotation speeds 0-238 rpm with a Brookfield DV-III+ Rheometer by 

VTT. Fresh mass properties were also tested. 

In the NES test grout material is pumped through an artificial smooth fracture at a 

constant pressure. The amount of mass that comes through the fracture and the elapsed 

time are recorded. A filter cake may form and stop the flow depending on the mix 

composition. The equipment is situated at the Cementa factory at Degerhamn, Sweden. 

The experimental set-up is presented in Sievänen & al. 2006. 

Mixing of rock bolt mortar was made with a 3 or 15 litres Hobart mixer (Fig.6-6a & b). 

Aggregate (if any), cement and water were added one after another and mixing 

proceeded at speed 2 - 3 for about 5 minutes. In some cases more water was added and 

the mixing time could be prolonged up to about 15 minutes. 

Tests of rock bolt mortar included slump tests (consistency) by Haegermann (Fig. 6-7) 

with or without impacts at the age of 5, 20, 40 and 70 minutes and density with air 

volume (Fig. 6-8) at the age of 5 and 40 minutes. Three prisms sized 40 mm x 40 mm x 

160 mm were cast for compressive strength testing at 1, 7 and 28 days during the early 

tests and later three cubes sized 100 mm x 100 mm x 100 mm for compressive strength 

testing at 28 days. 
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Figure 6-6a. A 15 liter Hobart mixer for 

mixing of rock bolt mortars. 

Figure 6-6b. Prolonged mixing time of stiff 

rock bolt mortar due to water addition. 

Figure 6-7. Slump tests by Haegermann 

with impacts of a rock bolt mortar. 

Figure 6-8. Air volume and density test of 

a rock bolt mortar with air volume meter. 
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7 MICRO CEMENT GROUTS  

7.1 High pH micro cement grouts 

7.1.1 Objectives 

The objective of testing high pH micro cement (HpHMC) grouts at laboratory was to 

develop mixes that possess acceptable technical performance for present and near-future 

use in ONKALO. The sil/cem-ratio of HpHMC mixes varies between 0 - 0.25. 

The tests were carried out at two stages: during the screening stage a larger number of 

mixes were tested with same preliminary tests that are used at field. The most promising 

mixes were tested further with complementary tests. Based on the test results 

appropriate high pH micro cement injection grout mixes will be selected for ONKALO.  

7.2 HpHMC grouts with Ultrafin 16 micro cement and no silica 

7.2.1 Screening tests 

HpHMC grouts with Ultrafin 16 cement and no silica were tested. The target 

temperature was 7 C for this test series. The W/DM and SPL amount were varied in the 

tests. As SPL Mighty 150 was used, 2.0 or 2.8 % of dry material weight.  

The W/DM -ratio, SPL amount and main results of the test series of HpHMC grouts are 

presented in Table 7-1 and Figs. 7-1a-h, all results in App. 1. Cement used was UF16, 

consignment 060221 and the batch size was about 3 liters. The mixer was Desoi AKM-

70D 1500 W. The tests were made during one day.  

Table 7-1. The W/DM -ratio, SPL amount and main results of HpHMC grouts.  

Mix W/DM 
Super-

plasticizer SPL Density
Marsh
fresh

Marsh
1h

Shear
strength

6 h 

Compressive 
strength

1 d 

Compressive 
strength

28 d 

  % kg/m3 s s kPa MPa MPa 

U1 0.80 Mighty 150 2.0 1563 33.0 41.5 0.24 1.20 24.0 

U3 1.00 Mighty 150 2.0 1487 32.5 35.5 0.16 0.55 14.5 

U5 0.60 Mighty 150 2.8 1696 38.0 75.0 1.47 3.90 40.2 

U2 0.80 Mighty 150 2.8 1578 33.5 38.0 0.20 0.84 21.5 

U4 1.00 Mighty 150 2.8 1489 31.5 35.5 <0.15 0.40 13.4 
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Figure 7-1h. 

Figure 7-1a-h. The W/DM, SPL amount and main test results of HpHMC grouts. 

Cement UF16, consignment 060221, sil/cem = 0.00, temperature 7 C, mixer Desoi 
AKM-70D 1500 W.

Following conclusions can be drawn from the results of Table 7-1, Figs. 7-1a-h and 

App.1:

- density is highly dependent on W/DM: the higher the W/DM the lower the 

density and vice versa 

- as SPL amount increases from 2.0 % to 2.8 % density increased slightly (W/DM 

= 0.8 - 1.0) 

- all Marsh fresh values are within the requirement (  45 s) 

- higher W/DM give better Marsh fresh values; the effect is much stronger with 

2.8 % SPL compared to 2.0 % SPL; the effect of SPL amount is quite small  

- all Marsh 1 h values are within the requirement (  45 s) except the mix with 

W/DM = 0.6 which is strongly degraded; again the SPL amount has minor effect 

on results 

- penetrability is good with all mixes (nearly or over 300 ml with a 100 m filter) 

- bleeding at 2 h is below the requirement (  2 %, desired properties) with the 

mixes of lower W/DM; mixes with W/DM = 1.00 and SPL 2.0 or 2.8 % exceed 

slightly the requirement: 2.4 and 2.2 %, respectively 

- shear strength at 6 h is within requirement (>0.5 kPa) only with the mix with 

low W/DM = 0.6 (the results partly depend on the temperature which are lower 

than usually in laboratory tests) 

- while the SPL amount increases from 2.0 to 2.8 % the shear strength impairs 

somewhat at W/DM = 0.8 - 1.0, but the requirement is not fulfilled with either 

SPL or W/DM  

- shear strength at 24 h of all mixes is >245 kPa except with the mix W/DM = 1.0, 

SPL 2.8 % 

- at higher W/DM  0.8 - 1.0 the 1 d compressive strength decreases slightly as 

the W/DM or the SPL amount increases  

- at low W/DM = 0.6 the 1 day compressive strength is clearly higher 

- 28 day compressive strength results are clearly higher than the requirement (  4 

MPa) with all the mixes 
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- 28 day compressive strength results behave similarly as the 1 day ones, but the 

strength build-up is quicker at W/DM = 0.8 - 1.0 than at W/DM = 0.6  

- the 91 d compressive strength test result at 7 C of the U1 mix is lower (18.8 

MPa) than at 28 days (24.0 MPa); this may have been caused by shrinkage of 

the prism although it has been kept at 100%RH 

- at W/DM = 0.8 - 1.0 the effect of W/DM is stronger than the SPL amount on 28 

days compressive strength. 

7.2.2 Complementary tests 

Based on the test series of Table 7-1 the best HpHMC mix with UF16 cement and no 

silica is U1 (W/DM = 0.80, SPL 2.0 %). The fresh and hardened state test results are 

within requirements at 7 C except the shear strength at 6 h that is below requirement. 

The U1 mix was tested further at higher temperature (12 C) and with a penetrability 

meter (Table 7-2, App. 1). The same cement consignment was used as in the previous 

tests (UF16; consignment 060221). The batch size was about 3 liters. The mixer was 

Desoi AKM-70D 1500 W. The tests were made after one week of the previous ones. 

One U1 mix was mixed altogether 10 minutes (2 + 8). 
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Table 7-2. Further tests of the U1 mix with no silica. Cement UF16, consignment 

060221, batch size about 3 liters, SPL Mighty 150 2.0 %, temperature 7 C or 12 C, 

mixer Desoi AKM-70D 1500 W. One 7 C mix from Table 7-1 for comparison. 

 W/DM Temp. 
Density 
kg/m3 

Marsh
fresh

Marsh
1h

Shear
strength

6 h 

Compressive 
strength 

1 d 

Compressive 
strength 

28 d 
bmin bcrit

   kg/m3 s s kPa MPa MPa m m

U1 0.8 7 1563 33.0 41.5 0.24 1.19 24.0   

U1* 0.8 7 1507 36.5 40.0 0.37 1.47 23.0   

U1 0.8 12       31 94 

U1 0.8 12 1560 33.5 38.0 1.47 2.83 22.9   

*prolonged mixing (2+8 minutes) 

Comparing to the previous tests the results are rather similar for the mix U1 at 

temperatures 7 and 12 C. The biggest differences are at 6 h shear strength and 1 d 

compressive strength that are considerably higher at higher temperature that is 

understandable. The mix at 7 C shows slightly better results of 28 days compressive 

strength compared to the mix at 12 C. The Marsh, filter pump and bleeding results 

(App. 1) are within requirements and penetration results are also good with the U1 mix 

with no silica at 12 C.

However, the 91 compressive strength test result at 12 C is lower (20.3 MPa) than at 

28 days (22.9 MPa) likewise at 7 C. This is possibly due to tendency of U1 mix to 

shrink and crack during curing at 100% RH / 20 C and may have been prevented if the 

specimens had been cured under water.  

Prolonged mixing time at 7 C drops slightly the density and increases somewhat the 

shear strength at 6 h and 1 d compressive strength. At later age compressive strength is 

slightly smaller with prolonged mixing. These may be due to bubble forming. 

Mixing order need probably to be changed as the mix was gelatinous before SPL was 

added. On the other hand, mixing first water and SPL and adding cement to this mixture 

makes the U1 mass foam. It seems best to mix first water and cement and add SPL 

together with cement after the mass gets gelatinous. 

7.2.3  Conclusions 

According to the laboratory test results the mix U1 with UF16 and no silica shows good 

properties at fresh and hardened state at 12 C. At 7 C the strength development 

weakens and the requirement for the shear strength at 6 h is not reached. The U1 mix 

seems to be suitable for use in ONKALO as HpHMC grout at 12 C temperature. It may 

be possible to slightly decrease the SPL amount in the mix. Mixing order and mixing 

time need to be adjusted in ONKALO.  
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7.3 HpHMC grouts with Ultrafin 16 micro cement and silica added to 
stabilize the mixes 

7.3.1 Screening tests 

HpHMC grouts with Ultrafin 16 cement and moderate silica (sil/cem = 0.11, 0.18 or 

0.25) were tested. The target temperature was 12 C. As SPL Mighty 150 was used, 

usual amount 2.8 % of dry material weight. As a reference mix ON was used with 

sil/cem = 0.25, W/DM = 1.30 and 2.8 % of SPL SP40. The amount of SPL is based on 

the recommendations of GroutAid producer. 

The sil/cem -, W/DM -ratio and main results of first test series of HpHMC grouts with 

moderate silica are presented in Table 7-3 and Figs. 7-2a-h, all results in App. 1. 

Cement was UF16, 2.8 % SPL Mighty 150 was used in all except for the ON mix (= 2.8 

% SP40), temperature during mixing and curing during the first day was 12 C. Cement 

gave negligible variation in the test series as the same consignment (060124) was used 

in all mixes. The mixer was Desoi AKM-70D 1500 W. The tests were made within one 

month of each other so the aging of cement probably did not affect much on the results 

either.  

Table 7-3. The sil/cem, W/DM  and main results of HpHMC mixes with moderate silica.  

Mix sil/cem W/DM SPL SPL Density Marsh 
fresh 

Marsh
1h

Shear
strength 

6 h 

Comp.
strength 

1 d 

Compr. 
strength 

28 d 

    % kg/m3 s s kPa MPa MPa 
ON 0.25 1.3 SP40 2.8 1349 37.5 50.0 1.71 1.90 13.8 
5/1 0.25 1.0 Mighty 150 2.8 1441 44.0 64.5 2.63 2.46 24.0 
5/2 0.25 1.2 Mighty 150 2.8 1370 36.0 46.5 1.57 1.34 16.3 
5/3 0.25 1.4 Mighty 150 2.8 1299 34.5 38.5 0.94 0.76 11.1 
5/5 0.18 1.0 Mighty 150 2.8 1439 34.5 43.5 1.58 2.37 22.6 
5/11 0.18 0.8 Mighty 150 2.8 1553 38.0 55.0 5.47 5.52 35.0 
5/12 0.18 0.6 Mighty 150 2.8 1649 44.5 104.5 11.7 11.7 48.0 
5/6 0.18 1.2 Mighty 150 2.8 1357 34.0 38.5 0.90 1.16 13.2 
5/7 0.18 1.4 Mighty 150 2.8 1334 32.5 35.5 0.35 0.71 9.1 
5/9 0.11 1.0 Mighty 150 2.8 1452 33.0 38.5 0.60 2.04 19.1 
5/10 0.11 1.2 Mighty 150 2.8 1395 31.0 34.0 0.20 0.95 10.6 
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Figure 7-2d. 
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Figure. 7-2h. 

Figure 7-2a-h. The sil/cem, W/DM  and main results of HpHMC mixes with moderate 

silica. Cement UF16, consignment 060124, 2.8 % SPL Mighty 150 except for the ON 

mix (=2.8 % SP40), temperature 12 C, mixer Desoi AKM-70D 1500 W.
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Following conclusions can be drawn from the results of Table 7-3, Figs. 7-2a-h and 

App.1:

- sil/cem has little effect on density 

- density is highly dependent on W/DM -ratio: the higher the W/DM -ratio the 

lower the density and vice versa 

- all Marsh fresh values are within the requirement (  45 s) 

- increasing sil/cem -ratio gives poorer (longer) Marsh fresh values; the same 

applies to Marsh 1 h values, but the measurement takes longer time and the 

prolonging effect is much stronger especially at higher sil/cem 

- higher W/DM gives better Marsh fresh values; Marsh 1 h results are again 

similar but give clearly higher values especially at lower W/DM 

- however, W/DM has stronger effect to Marsh values than sil/cem 

- Marsh 1 h results are poor at sil/cem = 0.18 and W/DM = 0.6 - 0.8; the same 

applies to mix sil/cem = 0.25 and W/DM = 1.0 

- at higher W/DM  1.2 - 1.4 the Marsh 1 h results are quite acceptable (  46.5 s) 

at all sil/cem 0.11 - 0.25 

- SPL SP40 of the mix ON behaves somewhat poorer than Mighty 150 in Marsh 

fresh and 1 h measurements 

- penetrability is  300 ml with a 130 m filter with all mixes except the mix 5/11 

(  300 ml with a 100 m filter) and mix 5/12 (265 ml with a 100 m filter 

- bleeding at 2 h (App. 1) is within requirement (  2 %, desired properties) with 

all the mixes 

- shear strength at 6 h of all mixes is within requirement (>0.5 kPa) except with 

the mixes sil/cem = 0.11, W/DM = 1.2 and sil/cem = 0.18, W/DM = 1.4 

- increasing sil/cem  as well as decreasing W/DM give better shear strength 6 h 

values

- at higher W/DM  1.0 - 1.4 the sil/cem  has stronger effect on the 6 h shear 

strength than mere W/DM (while decreasing) 

- at low W/DM (  0.6 - 0.8) the 6 h shear strength increases strongly as W/DM 

decreases (no comparative results with varying sil/cem) 

- SPL SP40 of the mix ON gives somewhat better shear strength 6 h result than 

Mighty 150 

- shear strength at 24 h of all mixes is >245 kPa (no requirement specified) 

- at higher W/DM (  1.0 - 1.4) the 1 d compressive strength is practically the 

same at each W/DM step; sil/cem has a very small effect on compressive 

strength (no requirement for 1 d compressive strength specified) 

- at low W/DM (  0.6 - 0.8) the 1 day compressive strength increases strongly as 

W/DM decreases 

- 28 day compressive strength results are clearly higher than the requirement (  4 

MPa) with all the mixes 

- 28 day compressive strength results behave similarly as the 1 day ones, but more 

pronounced positive effect can be observed as sil/cem increases from 0.11 to 

0.25

- 91 day compressive strength is 27.1 MPa of the mix 5/5 (sil/cem = 0.18, W/DM 

= 1.0) 

- SPL SP40 of the mix ON gives somewhat better 1 day compressive strength 

result than Mighty 150, but at 28 days the difference has faded. 
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Based on this test series the best mixes are 5/3, 5/5, 5/6 and 5/9. The best final strength 

is achieved with the mix 5/5 (sil/cem = 0.18, W/DM = 1.0). The reference mix ON 

(with SP40 as SPL) shows slightly poorer fresh state properties, slightly better 6 h 

strength but its final strength is clearly poorer than with the mix 5/5. Increase in silica 

improves the strength (both for early strength and 28 day strength) at 12 C.

7.3.2 Complementary tests 

After the first test series (Figs. 7-2, Table 7-3) further tests were performed for a few 

HpHMC mixes with moderate silica. These included tests of density, Marsh fresh, 0.5 h 

and 1 h and penetrability with a penetrability meter (Table 7-4, App. 1). Cement was 

UF16, 2.8 % SPL Mighty 150, temperature 12 C. Cement of the same consignment 

(060221) was used in all mixes. The batch size was about 8 liters. The mixer was Desoi 

AKM-70D 1500 W. The tests were made within one week of each other.  

Comparing to Table 7-3 test results the densities are slightly higher except for the mix 

5/10. Marsh fresh and 1 h results are a couple - a few seconds higher. The differences 

may partly reflect quality variation in the two cement consignments. The bigger batch 

size (8 liters) compared to the usual 3 liters batch may also have an effect on the results 

as mixing is not as efficient of the bigger batch compared to the smaller one. 

Unfortunately the interesting mix 5/5 with W/DM = 1.0 degrades 3 - 4 times quicker in 

Marsh values compared to the mixes with W/DM = 1.2. The results suggest again that 

W/DM -ratio has a stronger effect to Marsh values than sil/cem.  

Marsh values are presented also in Fig. 7-3. While sil/cem is increased from 0.11 to 

0.25 the Marsh values degrade rapidly, especially as the mass ages up to 30 minutes 

from the fresh state. Increasing the W/DM or probably also the SPL amount can prevent 

the negative effect of increased sil/cem, unfortunately these weaken the strength build 

up at the same time. 

The penetration results were obtained with a penetrability meter. The bmin result is 

acceptable (requirement  80 m) for all the tested mixes. The bcrit result is acceptable 

(requirement  120 m) for all mixes except the mix 5/5. The cement consignment and 

batch size probably affect somewhat to the bmin and bcrit results as to the rest of the test 

results. The bmin and bcrit results are calculated according to the measured mesh sizes of 

the penetrated filters.

Table 7-4. Further tests of a few HpHMC mixes with moderate silica. Cement UF16, 

consignment 060221, batch size about 8 liters, temperature 12 C, mixer Desoi AKM-

70D 1500 W. 

Mix sil/cem W/DM SPL SPL 
%

Density Marsh 
fresh

Marsh
0.5 h 

Marsh
1h

bmin bcrit

     kg/m3 s s s m m
5/2 0.25 1.2 Mighty 150 2.8 1392 38.5 48.5 50 47 118 
5/5 0.18 1.0 Mighty 150 2.8 1477 41 50.5 52 54 148 
5/6 0.18 1.2 Mighty 150 2.8 1374 35.5 40.5 41.5 43 113 
5/10 0.11 1.2 Mighty 150 2.8 1382 33 36.5 36.5 39 100 
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Marsh values of HpHMC grouts with moderate silica
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Figure 7-3. Diagram of the Marsh values during the first hour after mixing of HpHMC 

mixes with some silica (data from Table 7-4). Cement UF16, consignment 060221, 

batch size about 8 liters, temperature 12 C, mixer Desoi AKM-70D 1500 W. 

Preliminary tests were performed at 7 C for a few HpHMC mixes with sil/cem = 0.18 

(Table 7-5). The mixes were based on 5/5, two with decreased amount of water or SPL. 

One 5/5 mix was prepared with a prolonged mixing time (W+C 2 min, +SPL+GA 8 

min). Cement was UF16, consignment 060221, 2.0 or 2.8 % SPL Mighty 150. The 

batch size was about 3 liters. The mixer was Desoi AKM-70D 1500 W. The tests were 

made within one week of each other.  

The fresh state properties of the mix 5/5 (Table 7-5) are impaired at 7 C compared to 

12 C (Table 7-3), especially at the age of 1 h. This is probably due to higher mass 

density at lower temperature. Penetrability by filter pump is not affected. Early strength 

is clearly lower although the final strength is the same. Also different cement 

consignment probably affects the results. Prolonged mixing time improves somewhat 

the fresh state properties at 7 C, but weakens the penetrability with the filter pump. 

Decreasing water or SPL gives still poorer results at fresh state and penetrability is a 

little weakened, although strength build-up is better, as expected. 

Table 7-5. Preliminary tests at 7 C of a few HpHMC mixes with sil/cem = 0.18. 

Cement UF16, consignment 060221, batch size about 3 liters, temperature 7 C, mixer 
Desoi AKM-70D 1500 W. 

Mix sil/cem W/DM SPL  Density 

Marsh
fresh

Marsh
1h

Filter
Pump

100 m

Shear
strength  

6 h 

Shear
strength  

1 day 
Comp.

strength  
1 d

Compr. 
strength 

28 d

   % kg/m3 s s ml kPa kPa MPa MPa 

5/5 0.18 1.0 2.8 1472 37 74 310 0.66 >245 1.0 22.2 

5/5* 0.18 1.0 2.8 1463 42 52 210 0.81 116 0.48 23.5 

5/11 0.18 0.8 2.8 1543 42.5 >120 280 1.49 >245 2.1 34.3 

5/13 0.18 1.0 2.0 1465 42 205 305 1.47 >245 1.2 22.1 

*prolonged mixing time (10 min) 
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Table 7-6. Further tests of a few HpHMC mixes with moderate silica. Cement UF16, 

consignment 060124 or 060619, batch size 3 liters, temperature target 12 C, mixer 

Desoi AKM-70D 1500 W. 

Mix W/DMsil/cem UF16 SPL 
Temp.
at end 

Dens Marsh 
fresh

Marsh
0.5h

Marsh
1h

Filter
Pump
fresh
100

m

Bleed.
2h

Shear
str.   
6h

Shear
str. 
24h

Comp.
str  
1 d 

Comp.
str 

28 d

   Consign. % °C kg/m3
s s s ml vol-% kPa kPa MPa MPa

5/5 1.00 0.18 060124 2.8 15.6 1439 34.5  43.5 310* 0.4 1.58 >245 2.37 22.6

5/5 1.00 0.18 060619 2.8 19.8 1410 35.0  37.5 305 0.3 0.84 >245 1.88 19.4

5/5 1.00 0.18 060619 2.8 20.3 1418 35.0 37.5 38.0 310  0.94 >245   
5/6 1.20 0.18 060124 2.8 14.7 1357 34.0  38.5 315* 0.7 0.90 >245 1.16 13.2

5/6 1.20 0.18 060619 2.8 19.4 1350 33.5 34.5 34.0 320  0.44 >245   

5/14 1.20 0.18 060619 2.0 19.2 1312 36.5  40.0 300 0.4 0.78 >245 1.07 12.2

* filter 130 m

Mixes 5/5 and 5/6 were tested with another cement consignment (060619) to understand 

the cement quality variation on the test results (Table 7-6). Two mixes were made at the 

connection of the rheology tests and only fresh state properties were tested. Mix 5/6 was 

also modified by decreasing the SPL amount to 2.0 % of Mighty150 (mix 5/14). 

Temperature target 12 C, mixer Desoi AKM-70D 1500 W. 

UF16 cement consignment 060619 gives somewhat lower densities than the 060124 

cement consignment but the measured mass temperatures are 4 - 5 C higher at the end 

of mixing that may have an effect on the densities and some other results, too. Marsh 

fresh values are not much affected nor penetrability by filter pump. Marsh 1 h values are 

better and shear strength 6 h values lower, with the mix 5/5; also compressive strength 

at 1 and 28 d are lower with the cement consignment 060619. It might have been useful 

to decrease slightly the W/DM and thereby increase bulk density a little to improve the 

early strength build-up in the mass that shows temperature around 20 C and still get 

good enough fluidity and penetrability. 

Decrease of the SPL amount of the mix 5/6 to 2 % (mix 5/14) does not give remarkable 

improvement in strength build-up at 12 C. The mix properties are not improved 

substantially either by solely increasing water. 

7.3.3 Conclusions 

As HpHMC grout with moderate silica (0.11, 0.18 or 0.25) the mix 5/5 (W/DM = 1.00, 

sil/cem 0.18, SPL Mighty150 2.8 %) possesses the most promising properties. If silica 

is increased in the mix the strength development is improved, but also Marsh fluidity is 

weakened. If fluidity is improved by increasing water the strength development gets 

poorer. Mix 5/5 is a compromise to give the optimum fluidity and strength development 

at moderate sil/cem.  

The mix 5/5 seems to be somewhat sensitive to f. ex. variation in cement quality and 

lower temperatures giving partly unsatisfactory fresh state properties. Deficient mixing 

may weaken the penetrability. It seems that lower temperature increases a little the mix 
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5/5 density and thereby weakens the fresh state properties. If so, water may be slightly 

added to the mix to slightly improve the fresh state properties.  

7.4 HpHMC grouts with Rheocem 650 SR micro cement 

7.4.1 Screening tests 

Preliminary tests were performed with HpHMC grouts with another sulphate resistant 

micro cement Rheocem 650 SR. Moderate or no silica (sil/cem = 0.00, 0.05, 0.11 and 

0.18) was used in the mixes. The target temperature was 12 C. As SPL Mighty 150 was 

used, 1 - 2 % of DM. As a reference mix 1 % SPL Rheobuild 2000 PF and no silica was 

used.

The sil/cem, W/DM and main results of first test series of HpHMC grouts with R650 

cement are presented in Table 7-7, all results in App. 1. Cement used was about one 

month old. The mixer was AEG SB2E 750 SuperTorque drill mixer. The tests were 

made within one week of each other.  

With the R650 cement SPL amount may be reduced. The SPL amount 1 - 2 % of 

Mighty 150 in the Table 7-7 results is too much for all mixes. The masses are very fluid, 

bleeding is too high and shear strength at 6 h poor. The masses tended even to flow out 

of the prism moulds during hardening. The reference mix with SPL Rheobuild 2000 PF 

has good penetration ability with filter pump, but its fresh state properties degrade 

quickly. Compressive strength of all mixes at 1 day is good. Filter pump results are not 

as good as they should be, but this is most likely result of the poor dispersing effect of 

silica by the AEG mixer. 

Table 7-7 results indicate that SPL amount need to be adjusted in the R650 mixes. 

Obviously, a more efficient mixer is needed to properly disperse the silica. Although 

Desoi 1500 W mixer tended to stop during mixing it was used with the mix R9 to get 

comparable test results with the UF16 HpHMC grouts. The results are presented in 

Table 7-8. 

As was expected the penetrability improve with the Desoi mixer. Also other fresh and 

early age results improve. SPL amount is either 1 or 2 % in the tests, but with a 2 % mix 

shear strength at 6 h is not at acceptable level. However, good Marsh values make it 

possible to decrease the SPL amount to about 1.5 % and improve the shear strength at 6 

h. At 1 % the Marsh values already degrade to some degree. 

Rheocem 650 SR micro cement as grouting material is interesting as the SPL amount 

can be reduced which is one of the aims during the ONKALO construction. It seems 

likely that acceptable fresh and hardened state properties can be achieved with R650. It 

is possible that the mix like R9 - R10 with SPL about 1.5 % would come close to the 

mix 5/5 in fresh and hardened state performance (compared to the mass of temperature 

20 C of Table 7-6). The mix behaviour need to be more thoroughly studied with 

different levels of sil/cem and at varying conditions.
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Table 7-7. Preliminary tests at 12 C of HpHMC mixes with Rheocem 650 SR cement 
and sil/cem = 0.00 - 0.18. Cement consignment 07/2006, batch size about 3 liters, mixer 

AEG SB2E 750 SuperTorque drill mixer. 

Mix sil/cem W/DM SPL SPL 
Temp.
meas.

Dens. Marsh 
fresh

Marsh
1h

Filter
Pump
fresh
100

m

Filter
Pump
fresh
100

m

Bleed.
2h

Shear
str.    
6h

Shear
str.    
24h

Comp.
str. 
1d

Comp.
str.
28d

   % °C
kg/m3

s s 
(1.)
ml

(2.)
ml vol-% kPa kPa MPa MPa

R1 0.00 1.00
Rheobuild
 2000 PF 1.0 17.8 1511 32.0 67.0 315  7.8 <0.15 >245 1.50 28.0

R4 0.00 1.00 Mighty150 1.0 17.3 1504 31.5 33.5 300  6.5 <0.15 >245 1.10 22.4

R5 0.00 0.80 Mighty150 2.0 17.7 1588 32.5 33.0 210  <0.15 >245 0.78 40.7

R6 0.00 0.80 Mighty150 1.0 17.9 1621 34.0 38.5 175 175 4.1 <0.15 >245 1.82 31.8

R7 0.05 1.00 Mighty150 1.0 17.1 1466 32.5 36.5 160 190 3.6 <0.15 >245 0.91 16.8

R8 0.11 1.00 Mighty150 2.0 16.8 1478 31.5 35.0 200 200 3.8 <0.15 >245 0.73 16.8

R9 0.18 1.00 Mighty150 2.0 17.0 1456 33.5 38.0 160 160 1.3 <0.15 >245 1.35 17.9

Table 7-8. Preliminary tests at 12 C of a HpHMC mixes with Rheocem 650 SR cement 
and sil/cem = 0.18. Cement consignment 07/2006, batch size about 3 liters, mixer Desoi 

AKM-70D 1500 W, first row from Table 7-7 (AEG SB2E 750 SuperTorque drill mixer). 

Mixsil/cemW/DM SPL SPL 
Temp.
 meas. 

Dens. Marsh 
fresh

Marsh
1h

Filter
Pump
fresh
100

m

Bleed.
2h

Shear
strength 

6h

Shear
strength 

24h

Comp.
str. 
1d

Comp.
str.
28d

    °C
kg/m3

s s ml vol-% kPa kPa MPa MPa

R9* 0.18 1.00 Mighty150 2 17.0 1456 33.5 38.0 160 1.3 <0.15 >245 1.35 17.9

R9 0.18 1.00 Mighty150 2 20.2 1478 32.5 36.5 310 0.7 0.25 >245 1.66 19.7

R10 0.18 1.00 Mighty150 1 21.7 1471 41.5 55.5 300 0.4 1.27 >245 1.86 20.5
*AEG mixer

7.5 Low PH micro cement grouts 

7.5.1 Objectives 

The low pH micro cement (LpHMC) grout has been developed in laboratory since 

2002. The LpHMC grout has been developed to replace the HpHMC grout in ONKALO 

below approximately -300 m level. 

The main requirement for LpHMC grout is that its pH must be  11.0. This is because 

the copper capsules of nuclear waste and the surrounding bentonite layers may be 

corroded because of high pH plume. Other requirements are the same as for HpHMC 

grouts (see Ch. 4). 

During the field work it is important that the LpHMC grout behaves acceptably in 

respect to fluidity and penetrability. Owing to timetable reasons the grout needs to 
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possess quick early strength build-up. Long enough workability time with acceptable 

quality of the grout is necessary for practical reasons to enable work without troubles. 

In the beginning of 2005 the mix P3 (sil/cem = 0.69, W/DM = 1.60, SP40 SPL = 2 % of 

DM) was tested at laboratory and at field. Its fluidity was not within requirements. 

During spring 2005 decreasing water and increasing and changing the SPL to another 

one with better long-term safety modified the mix to acceptable properties. The mix was 

named P308B (sil/cem = 0.69, W/DM = 1.40, Mighty 150 SPL = 4 % of DM). 

The objective of testing LpHMC mix P308B at laboratory was to gain and collect more 

information of its properties at different conditions and to compare the laboratory 

results with the field results. The mix was prepared by varying one parameter at a time 

(e.g. temperature, mixing order, mixing time). Alternative material, silica replaced by 

glass, was also tested. Variation of UF16 cement quality was suspected based on the 

field results and this caused need to study the P308B mix with different cement 

consignments. 

7.6 LpHMC grouts with UF16 cement 

7.6.1 Mix P308B with different cement consignment 

LpHMC grout P308B was tested with different cement consignments of Ultrafin 16 

cement. The target temperature was 12 C. The mixing time was usual 5 minutes for the 

P308B mix (water+cement 2 min, +SPL, +GA 3 min) except for one mix that had a 

prolonged mixing time. Either Desoi of AEG was used as laboratory mixer. 

The density, Marsh fluidity, penetrability and shear strength of the test series of mix 

P308B with different cement consignments are presented in Figs. 7-4a-d and Table 7-9, 

all results in App. 1. The letters a - i indicate separate batches. The batch size was about 

3 liters. The mixer was either Desoi AKM-70D 1500 W or AEG SB2E 750 

SuperTorque drill mixer. The tests were made during March - September 2006.  

Five different cement consignments were used in the tests (manufactured 060124, 

060125, 060221, 060403 and 060619). According to cement manufacturer Cementa Ab 

the cement consignment 060125 was not acceptable by Cementa's quality control and 

was delivered by mistake to the IMA project. The cement consignment 060403 was 

used at the field test in ONKALO in May - June 2006 and possessed a poor 

penetrability that led to interruption of the field test.  
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Figure 7-4a-d. The density, Marsh fluidity, penetrability by filter pump and shear 

strength at 6h of the mix P308B. Different UF16 cement consignment, temperature 12 

C, prolonged mixing time of the batch  i (8 min), mixer AEG SB2E 750 SuperTorque 
drill mixer (batches d, e, f) or Desoi AKM-70D 1500 W (others). 

Table 7-9. The main test results of the mix P308B with different UF16 cement 

consignment, temperature 12 C.

Batch Mixer 
UF16 

consign. 
GA

cons.
Bulk
dens.

Marsh
fresh

Marsh
0.5h

Marsh
1h

Filter
Pump
fresh

100 m

Filter
Pump
0.5 h

100 m

Filter
Pump

1 h 
100 m

Shear
str. 6h

Shear
str.    
24h

Comp.
str.
1 d 

Comp.
str.
28 d 

Comp.
str.
91 d 

    kg/m3 s s s ml ml ml kPa kPa MPa MPa MPa 

a Desoi 060124 1321 40.0  60.0 310   2.06 >245 0.73 15.7 21.4 

b Desoi 060125 1331 39.5  58.5 135   0.98 >245 0.73 16.5  

c* Desoi 060221 19.9.05 1355 45.5 95.0 119.5 230   3.37 >245 0.74 14.4  

d AEG 060221 10.8.05 1323 36.5  41.0 250 90 105 0.35     

e AEG 060403 10.8.05 1315 38.0  45.5 120 90 60 0.81     

f AEG 060403 10.8.05 1310 38.0  43.5 60 40 40 0.98     

g Desoi 060619 19.9.05 1318 39.5  44.5 305   1.57 196 0.59   

h Desoi 060619 19.9.05 1298 38.5 42.0 44.0 310   1.18 157    

i Desoi 060619 19.9.05 1310 38.5 42.0 42.0 295   1.27 130    

*mass composition probably erroneous 
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Following conclusions can be drawn from the results of Figs. 7-4a-d, Table 7-9 and 

App.1:

- density of the batch c: 060221 is clearly higher than in the other batches, so is 

the Marsh fluidity at 1 h and shear strength at 6 h: these reflect probably a 

mistake in weighing of the materials and the test results of c-batch are not 

included in this evaluation 

- average results are calculated of batches a, g, h and i with same mixer, mixing 

time, temperature 12 C and qualified cement 

- average bulk density of the P308B mix is 1312 g/l (std. dev. 10 g/l) 

- all Marsh fresh values are within the requirement (  45 s) 

- average Marsh fresh fluidity of the P308B mix is 39 s (std. dev. 1 s) 

- Marsh 1 h values are under or close to the requirement (  45 s) except for the a- 

and b-tests, this probably reflects the quality variation of different cement 

consignments 

- mixer type does not have a clear effect on the Marsh fresh and 1 h values 

- average Marsh 1 h fluidity of the P308B mix is 48 s (std. dev. 8 s) 

- penetrability by the filter pump of the fresh mix is especially affected by the 

cement consignment and the mixer 

- average penetrability with a 100 m filter is good (305 ml) 

- penetrabily is somewhat weakened (d-batch: 250 ml) as it is made with the less 

effective AEG drill mixer; however, the result need to be considered with some 

caution as only one test is comparable to the Desoi mixer 

- cement consignments 060125 and 060403 are known to behave unsatisfactorily 

and this is observed especially in the penetrability results: average penetrability 

is poor (average 105 ml) of the P308B batches b, e and f; of these the latter two 

are prepared with the AEG drill mixer that might weaken the penetrability 

results even more 

- penetrability of e- and f-batches with 060404 cement also degrades further quite 

rapidly and evenly as the mass ages up to 0.5 h and 1 h

- bleeding at 2 h (App. 1) is very small with all the tested mixes 

- shear strength at 6 h and 24 h probably reflects mainly the quality variation of 

different cement consignments 

- average shear strength at 6 h of P308B mix is 1.52 kPa with a rather high 

standard deviation (std.dev. 0.4 kPa), at 24 h the pattern is similar (av. 182 kPa, 

std.dev. 50 kPa) 

- AEG drill mixer (and deviating quality cement 060403) affect the shear strength 

results at 6 h somewhat negatively (batches e, f: av. 0.90 kPa) 

- batch d has exceptionally low shear strength 6 h value and somewhat better 

Marsh values compared to the average; density is in line, so possibly there could 

have been too much SPL in the mass by mistake 

- prolonged mixing time (batch i) has practically no effect on the results; there 

could be slight shortening of 1 h Marsh fluidity and slight weakening of the 

penetrability by filter pump, but to be sure, the tests should be repeated 

- only two comparable 28 d compressive strength tests are performed of the mix 

P308B the other one with the unsatisfactory cement consignment; average 28 d 

compressive strength of the two is 16.1 MPa 

- 91 d compressive strength is 21.4 MPa of P308B mix 
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- the quality of GroutAid also varies depending on the consignment; the quality 

variation has been tested with a Marsh cone during some of the laboratory work 

and it has been 44.0 s (std.dev. 4.0 s); however, the quality variation of 

GroutAid has not been used to explain the test results so far as more systematic 

follow-up need to be done first. 

Three tests of the mix P308B were performed at 7 C (Table 7-10). 

The m and extra batches at 7 C show slightly higher bulk density and Marsh fluidity at 

fresh state compared to results at 12 C. Higher bulk density caused by lower 

temperature degrades Marsh fluidity at 1 h and penetrability by filter pump. Probably 

cement consignment has an effect on the penetrability besides temperature/bulk density. 

Lower temperature during the first day naturally decreases the strength results, at 91 d 

the compressive strength is 3 MPa higher than with the batch that is cured at 12 C the 

first day (and after that both at 100%RH / 20 C).

The batch n at 7 C was made with the deviating cement consignment 060403 and with 

the less effective AEG drill mixer. Comparable tests were made at 12 C (batches e and 

f). At 7 C the density and Marsh fresh values are approximately the same as at 12 C,

Marsh fluidity at 1 h is slightly higher. The penetrability result should not be considered 

as both cement consignment and less effective mixing weaken the result. Shear strength 

at 6 h impaired below the requirement.  

7.6.2 Complementary tests 

The P308B mix was tested three times with penetrability meter (Fig.7-5 , App. 1) at 

temperature 12 C. The cement consignments used were 060221 and 060403. The batch 

size varied and was either 2 x 3, 5 or 8 liters. The mixer was Desoi AKM-70D 1500 W 

in two batches and AEG SB2E 750 SuperTorque drill mixer in one batch.  

Table 7-10. The main test results of the mix P308B with two UF16 cement consignment, 

temperature 7 C.

Batch  Mixer 
UF16 

consign. 
Bulk
dens.

Marsh
fresh

Marsh
1h

Filter
Pump
fresh

100 m

Filter
Pump
0.5 h 

100 m

Filter
Pump

1 h 
100 m

Shear
str. 6h

Shear
str.    
24h

Comp.
str.
 1 d 

Comp.
str.
28 d 

Comp.
str.
91 d 

   kg/m3 s s ml ml ml kPa kPa MPa MPa MPa 

m Desoi 060221 1329 43.5 87.0 240   0.90 94.1 0.41 13.0 24.4 

extra Desoi 060221 1329 44.5 96.0 130        

n AEG 060403 1312 38.5 49.0 180 120 95 0.25     
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Figure 7-5. Penetrabily of the mix P308B by penetrability meter. Requirement 80 m

for bmin and 120 m for bcrit. Batch size 8 l, 2 x 3 l or 5 l, respectively, temperature 

12 C, mixer Desoi AKM-70D 1500 W (batches j and k), AEG SB2E 750 SuperTorque 
drill mixer (batch l). 

Penetrability of the mix P308B by penetrability meter is affected by two or three 

variables at the same time. Some conclusions can nevertheless be drawn of the Figure 7-

5. The bmin value is within requirement with all the tests; it is practically not much 

affected by any of the variables. The bcrit value is over the requirement with all the 

batches but variation is much greater. Batch k was mixed as two separate 3 l masses that 

were then mixed together as a bigger batch for the penetrability meter. Compared to 

batch j more effective mixing of the k-batch lowers the bcrit value, but it is still not 

within the requirement. 

Batch l is strongly impaired mostly due the deviating quality cement consignment 

060403 although used AEG drill mixer probably also has somewhat negative effect on 

penetrability by the penetrability meter. 

Mixing time and mixing order were studied of the P308B mix (Fig. 7-6, App. 1). First 

water and cement were mixed for 2 minutes, then SPL and GA were added and mixed 

for further 2, 4, 6 or 8 minutes. In reversed mixing order first water and GA were mixed 

for 2 minutes, SPL and cement added and mixed further 2, 4 or 6 minutes. Cement 

consignment manufactured 060124 was thoroughly studied at 12 C and one batch was 

made with the 060221 consignment at 7 C. The batch size was 3 l and effective Desoi 

AKM-70D 1500 W mixer was used in all the batches. 
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Figure 7-6a-d. Tests of mixing time and mixing order of the mix P308B. Marsh fluidity, 

penetrability by filter pump, shear strength at 6h and compressive strength at 1 and 28 

days, UF16 060221 (batch o), UF16 060124 consignment (batches p-u), temperature 12 

C except 7 C for the o-batch , mixer Desoi AKM-70D 1500 W. 

Results of Figs. 7-6 and App. 1 indicate that mixing time or order probably may not 

have any effect on bulk density, the small increase in bulk density may reflect cement 

quality variation. In the mixing time tests Marsh fresh and 1 h results are somewhat 

higher compared to the usual 5 min mixing time, but it seems that this difference is 

mainly caused by cement quality variation as also the 4 min mixing has a higher Marsh 

1 h result (compare also batch a of Fig. 7-4). At 7 C the Marsh results are weakened, 

but other variables like cement age, different cement and GA consignments influence 

the results, too. On the other hand, reversed mixing order weakens a little Marsh fresh 

fluidity and clearly Marsh 1 h fluidity. 

Reversed mixing order makes the mass to react faster, but it also makes it more evenly 

dispersed as can be seen of the penetrability test results. Strength results are good at 12 

C at early age (6 h - 1 day). This is due to a particular good cement consignment 

060124. Reversed mixing order gives somewhat poorer early age strength results. At 28 

days the strength is close to "normal" for the P308B. At 7 C and long mixing time the 

penetrability of the mass is weakened, but early and later age strengths are suprisingly 

good considering the low temperature during the first day. Too many variables affect in 

this mass, e.g. bubble forming may have a bigger influence at 7 C than at 12 C and 

thus hinders more the penetrability.  
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7.6.3 Conclusions 

It seems that different UF16 cement consignments have a significant effect on various 

properties of the mix P308B, although only 5 consignments have been studied in this 

context and of these two are known to possess deviating properties. The other one did 

not pass the cement manufacturer's quality control, but it was tested in one P308B test 

series.

Based on these results, bulk density and Marsh fluidity at the fresh state at 12 C are 

quite stable for the P308B mix, 1312 g/l (std.dev. 10g/l) and 39 s (std.dev. 1 s), 

respectively. At 1 h the Marsh fluidity is much more influenced by the cement 

consignment (varies between 42 - 60 s). 

Penetrability by the filter pump is generally good, almost maximum, for the P308B mix, 

but it is highly dependent on the mixing efficiency and cement consignment. It is 

important that the mixing of the P308B mass is efficient; otherwise its penetrability will 

be weakened. Shortening or prolonging the mixing time (total 4 - 8 min) does not affect 

the Marsh fluidity or penetrability. Reversed mixing order helps to mix the mass more 

uniformly and improves penetrability, but at the same time Marsh values are weakened, 

especially at the age of 1 h. 

Penetrability by the penetrability meter gives somewhat contradictory results compared 

to 2005 laboratory tests. The bmin requirement is fulfilled at all tests done in present 

tests, but bcrit requirement is not fulfilled in any. The cement consignment of 060403 

that was also used at the field test in ONKALO in May - June 2006 shows especially 

poor performance in penetrability. Mixing efficiency has some effect on these results, 

but mostly the cement quality seems to cause the differences. 

The UF16 cement quality seems to affect especially the penetrability of the P308B mix. 

The reasons for this are still under examination, possible reasons include changes in the 

grain size distribution, cement mineral composition and storing conditions of the 

cement, among others. 

At 12 C good early and later age strength build-up is achieved, but these also depend 

on cement quality and mixing efficiency. If these are in order shear strength at 6 h is 

around 1.5 kPa, compressive strength at 1 day near 0.7 MPa, at 28 days near 16 MPa 

and at 91 days over 20 MPa (curing after first day at 20 C).

The tests at 7 C were scarce and not too representative, so it is advisable not to draw 

too many conclusions of the test results. At lower temperature the fluidity at 1 h of the 

mix P308B is weakened and it seems that the penetrability of the mix degrades 

markedly. This is mostly due to higher density of the mix at 7 C compared to 12 C,

but it may be partly due to cement consignment, too. Shear strength at 6 h weakens, but 

is over the requirement except with the mix with less efficient mixer and deviating 

cement. 

To improve fluidity at 1 h and penetrability of the P308B mix at 7 C little extra water 

may be added to the mass. However, strength build-up will be weakened at the same 

time so the compromise need to be looked for. More tests are needed to confirm the 

results at 7 C.
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7.7 LpHMC grouts with glass materials 

7.7.1 Screening tests 

Preliminary tests for LpHMC with glass replacing silica were made in laboratory (Table 

7-11, all results in App. 1). The glass material was ground by CT-Laastit Oy, dated 

30.1.2006. Separately ground cement made of Finnsementti Oy's SR-cement was also 

ground by CT-Laastit, dated 29.12.2005. SR-cement was used in one mix, in others 

UF16 was used as cement (consignment 060124).  

Approximately half of the DM is replaced by finely ground glass. In other words, the 

glass/cem -ratio is higher than the sil/cem -ratio of the P308B mix. As a result, it is 

supposed that also pH of the mix gets lower than with the P308B mix (and clearly 

below the requirement pH  11). Besides glass also silica is used replacing cement in 

two mixes that lowers the pH even more. Another benefit is that no SPL is used in this 

test series.

W/DM is 1.00 in all the mixes except 0.90 in one mix. The glass/cement -ratio varies 

between 0.89 - 1.04. Silica is used in two mixes while glass content remains stable. The 

target temperature is 12 C. The tests were made within a couple of weeks. The cements 

were 2 - 3 months old during mass preparation.  

Following conclusions can be drawn from the results of Table 7-11: 

- as the glass/cement -ratio increases from 0.89 to 1.04, density decreases a little; 

exception is the L4 mix with separately ground SR-cement that has distinctly 

higher density than the mixes with UF16 cement 

- replacing cement with silica (sil/cem = 0.00 vs. 0.23) also increases density 

considerably (mixes L2 & L6) 

- no comparable tests are made with differing W/DM, but W/DM most likely 

affect the density, too 

Table 7-11. The glass/cem, sil/cem and W/DM and main test results of LpHMC grouts 

with glass. Cement UF16, consignment 060124 or separately finely ground SR cement, 

dated 31.12.2005, no SPL, temperature 12 C, batch size about 3 liters, mixer Desoi 
AKM-70D 1500 W. 

Mix W/DM 
glass/
cem sil/cem

Cement 
type 

Cement 
consign. 

Bulk
dens.

Marsh
fresh

Marsh
1h

Filter
Pump
fresh

Bleed. 
2h

Shear
str. 6h

Shear
str.    24h 

Comp.
str.    1 

day 

Comp.
str. 28 

day 
      kg/m3 s s ml vol-% kPa kPa MPa MPa 
L1 1.00 0.89 0.00 UF16 060124 1342 34.5 38.5 240 2.4 0.34 >245 0.51 8 
L4 1.00 0.96 0.00 SR*  1440 33.5 36.5 310 7.4 <0.15 >245 0.9 10.5 
L3 1.00 1.00 0.00 UF16 060124 1339 34.5 38 310 6.1 0.25 240 0.51 9.5 
L2 1.00 1.04 0.00 UF16 060124 1325 34.5 36.5 305 1.9 0.31 >245 0.51 8 
L5 0.90 1.04 0.11 UF16 060124 1431 47 67.5 310 0.8 1.61 >245 0.76 14 
L6 1.00 1.04 0.23 UF16 060124 1426 72 128 305 0.3 1.61 >245 0.58 13.6 

*SR ground at CT-Laastit

- all the mixes without silica posses Marsh fresh & 1 h values within the 

requirement (  45 s) 

- both mixes with silica do not reach the Marsh fluidity requirement, either at 

fresh state or at 1 h age 
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- increasing sil/cem impairs the Marsh fresh and 1 h values 

- penetrability with a filter pump is  300 ml with all mixes except the mix L1; 

this may be due to the lowest glass/cem; in other words, increasing glass/cem 

may improve the penetrability, but more tests are needed to confirm this 

conclusion

- bleeding at 2 h of the mixes without silica is rather high and mostly over the 

requirement (  2 %, desired properties) 

- adding silica to the mix suppresses the bleeding below the requirement, but 

Marsh fluidity is impaired at the same time 

- shear strength at 6 h is poor and below the requirement ( 0.5 kPa) with all mixes 

without silica 

- adding silica to the mix improves the shear strength at 6 h threefold over the 

requirement 

- the 1 d compressive strength is at the same level in all mixes; cement 

consignment, W/DM and silica content seem to have some effect 

- 28 day compressive strength results are clearly higher than the requirement (  4 

MPa) with all the mixes; adding silica improves the strength build-up.  

7.7.2 Conclusions 

Based on the test series of Table 7-11 none of the LpHMC mixes with glass fulfill all 

the requirements at 12 C. Mixes with no silica show good fluidity properties, but poor 

bleeding and early strength development properties. Separately ground SR-cement 

weakens bleeding and shear strength at 6 h, but improves later strength build-up. The 

UF16 cement consignment (060124) used in the most mixes possess better properties 

than the average, so the results may be somewhat poorer in repeated tests with other 

cement consignment. 

Adding silica to the mix helps to improve the bleeding and strength build-up, but 

fluidity is impaired at the same time. It seems possible to develop a LpHMC with glass 

and some silica, but it is probably necessary to use some SPL in the mix and adjust the 

W/DM and sil/cem. Presently no further tests are planned with LpHMC containing 

finely ground glass. 

7.8 Setting of micro cement grouts at different conditions 

7.8.1 Objectives 

The objective of testing micro cement grouts at different conditions was to follow their 

impact on the temperature development and setting of the grouts at +7 C both at usual 

testing conditions and by imitating the conditions that prevail inside rock in ONKALO. 

The test was initiated as it was noticed in ONKALO that the grout in rock had delayed 

setting compared to test samples that were cured in open air in the tunnel. The reason 

for this behaviour needed clarification. 
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7.8.2 Testing procedure 

As usual testing conditions the masses were cured in open plastic cups at +7 C air that 

corresponds to the testing conditions at laboratory and in ONKALO tunnel. Conditions 

in rock were imitated by curing the masses in closed metal cups that were immersed in 

water bath just below the upper edge in the same cabinet with the plastic cups.  

The air temperature of the cabinet was adjusted to about 7.0 C (average 6.9 C after 10 

hours). It was expected that the water temperature would be the same, but it turned out 

that the water temperature was about 1 C lower than the air temperature after the 

temperatures had stabilized (av. 5.8 C after 10 hours). This may be caused by 

evaporation of water from the water bath that at the same time cooled the water. 

Four masses were prepared for the tests: mixes P308B, 5/5 and U1 were prepared with 

the mixer Desoi AKM-70D, 1500W and mix P308B was also prepared with the less 

effective mixer AEG SB2 750 SuperTorque. The masses were prepared in usual way, 

poured in cups and placed immediately in the Arctest RS-422 cabinet for curing. Each 

mass was poured in three steady plastic cups (300 ml), three closed metal cups (300 ml) 

and one plastic drinking class (150 - 200 ml, Fig. 7-7a). All the plastic cups were placed 

on the shelf of the cabinet and all the metal cups in water bath below (Fig. 7-7b). 

Temperature development was followed with help of a thermal wire that was immersed 

to each mass at the depth of about 4 cm from the top of the mass both in one open 

plastic cup and in one closed metal cup. The wires were connected to data loggers that 

were placed outside the cabinet and the temperature was measured every 10 minutes for 

about 5 days. The temperatures of the cabinet air and water bath were measured 

likewise. 

The two data loggers used were calibrated by immersing each thermal wire connected to 

the loggers to the water bath together with a calibrated hand thermometer wire and by 

measuring the difference of the temperatures. One data logger showed 0.4 C higher 

temperature than the other logger and the calibrated thermometer. The results given by 

this data logger were corrected by subtracting 0.4 C of all its measured values.  

Setting was measured as shear strength with a fall cone at the age of 6 h and 8 h of each 

mass in plastic and metal cups. Setting time was also measured of the mass kept in the 

drinking glass by tilting the cup and later by dropping a pen into the mass as is done in 

field setting test in ONKALO. 

7.8.3 Results 

The mix parameters and setting test results of the HpHMC mixes U1 and 5/5 and the 

LpHMC mix P308B are presented in Table 7-12 and Fig. 7-8. 
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Figure 7-7a. Each mass was poured in 7 

plastic or metal cups for curing at +7 C
either in air or in water bath to follow 

temperature development and setting.

Figure 7-7b. Placing of the sample cups in 

the curing cabinet.

Table 7-12. The mix parameters and setting test results at early age of two HpHMC and 

two LpHMC mixes. Cement UF16, consignment 060619, GroutAid 19.9.2005, SPL 

Mighty150, temperature target +7 C for the air, batch size 3 l, mixer Desoi AKM-70D 
1500 W or AEG SB2 750 SuperTorque, sample holder open steady plastic cup or closed 

metal cup in shear strength tests and open plastic drinking glass for field setting test. 

     
End of 
mixing

Shear str. 
6h

Shear str. 
6h

Shear str. 
8h

Shear str. 
8h

Field test: 
Setting
starts 

Field test: 
Setting
ends 

 Measured temperature  ~ +7 C ~ +6 C ~ +7 C ~ +6 C ~ +7 C ~ +7 C

Mix  Mixer W/DM sil/cem 
SPL
%

Mass
temp.

°C

Plastic 
cup in air

kPa 

Metal cup 
in water 

bath
kPa 

Plastic 
cup in air

kPa 

Metal cup 
in water 

bath
kPa 

Plastic 
drinking 
cup in air 

h:min

Plastic 
drinking 
cup in air

h:min

P308B AEG 1.4 0.69 4.0 13.5 <0.15 <0.15 0.43 0.38 6:36 >7:36 

P308B Desoi 1.4 0.69 4.0 17.6 0.29 0.26 1.21 1.21 4:59 >7:59 

5/5 Desoi 1.0 0.18 2.8 17.7 0.18 0.18 0.76 0.47 6:33 >8:33 

U1 Desoi 0.8 0.00 2.0 18.2 1.55 1.47* 6.47 4.32 <4:03** 9:05

* age 6.5 h 

** the sample was first studied at the age of 4:03 
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Shear strength, effective mixing of masses 
Curing in air ~ +7°C or water  ~ +6°C

0
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P308B 5/5 U1

k
P

a

Air 6h

Water 6h

Air 8h

Water 8h

Figure 7-8. The setting test results at early age of two HpHMC and one LpHMC mixes, 
mixing with the effective mixer Desoi AKM-70D 1500 W, sample holder open steady 

plastic cup in air or closed metal cup in water. 

Following conclusions can be drawn from the results of Table 7-12 and Fig. 7-8: 

mixing with the effective Desoi mixer increases clearly the mass temperature and 

strength gain at early age and shortens the setting time compared to the less 

effective AEG mixer (mixes P308B), in other words the mass becomes more 

reactive with better mixing 

shear strengths at 6 and 8 h are generally higher or in two cases the same of 

samples cured in plastic cups in air compared to samples cured in closed metal 

cups in water bath; especially the mix U1 shows pronounced the tendency; the 

difference in shear strengths of air and water bath cured samples is probably 

mostly due to the 1 C lower temperature of the water bath 

the mix U1 has high and early strength gain compared to other mixes and the U1 

is the only mix that fulfils the requirement of shear strength at 6 h 

end of setting was not measured due to late working hours, but with the mix U1 

setting ends at little over 9 hours. 

The temperatures of the mixes, cabinet air and water bath during the first 3 days are 

presented in Fig. 7-9a (curing in air) and Fig. 7-9b (curing in water bath). The 

temperatures during the last 2 days are presented likewise in Figs. 7-9c and 7-9d. 
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Figure 7-9a. Measured temperatures of the 4 mixes, cabinet air and water bath during 

the first 72 h, samples cured in plastic cups in air. Mixing of the masses with either 

Desoi or AEG mixer. Air temperature of the cabinet was adjusted to approximately 

+7 C.
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Figure 7-9b. Measured temperatures of the 4 mixes, cabinet air and water bath during 

the first 72 h, samples cured in closed metal cups in water bath. 
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Figure 7-9c. Measured temperatures of the 4 mixes, cabinet air and water bath after 72 

h, samples cured in plastic cups in air.  
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Figure 7-9d. Measured temperatures of the 4 mixes, cabinet air and water bath after 72 

h, samples cured in closed metal cups in water bath. 
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From the results of Figs. 7-9a - d can be seen that the air temperature varied greatly 

during the first 10 h. This is mostly because the cabinet door was opened several times 

as new samples were placed in the cabinet and samples were taken out for testing. The 

air temperature was nevertheless quickly restored to about +7 C as the door was closed. 

The water bath temperature was also raised during the first 15 h (max 8.5 C), although 

it was well cooled before the testing started. The sample temperatures were +14 - +18 

C after mixing and they mainly raised the water bath temperature during the first 15 h. 

After 10 h both the cabinet air (av. 6.9 C) and water bath (av. 5.8 C ) temperatures 

were stabilized and the cabinet door was not opened until the test was finished. 

Although the air temperature of the cabinet was constant during most of the test, it did 

not raise the water temperature to the same level as the air temperature, although the 

cooling and air circulation was very effective and quick in the Arctest RS-422 cabinet. 

The same applied to all the tested mixes in water bath; they sank gradually very close to 

the water bath temperature and about 1 C below the air temperature after about 112 h. 

The same trend was seen also in air cured mixes the temperatures of which sank 

approximately 0.5 C below the air temperature after about 3 days. 

During mixing the temperatures raise due to initial cement hydration reactions and the 

heat transferred to mass from the rotating high-speed mixer. The mix temperatures sank 

quickly about 2.5 - 4 h after mixing in the air cured samples in the cabinet. The 

temperature drop was quickest with the P308B mix (AEG mixer) followed by P308B 

(Desoi), 5/5 and U1. The mass temperatures at the end of mixing were in similar order.  

After the initial temperature drop the main hydration reactions of the pastes started to 

raise the mass temperature. This can be seen best in air cured samples: the temperatures 

of U1 and 5/5 mixes increase with 0.5 C at most at the main hydration stage. In P308B 

mixes the initial temperature drop merely stops and then the temperature remains 

constant for a while. The temperatures (and main hydration reactions) stay at higher 

level for about 24 h of the U1 and 5/5 mixes and about 18 h of both P308B mixes in air 

cured samples until the temperatures slowly start to descend. 

The air cured U1 mix stays at slightly higher level than mix 5/5 until about 110 h after 

which the temperatures of the two mixes coincide. Of the two P308B mixes the one 

mixed with the more effective Desoi mixer shows slightly higher temperatures through 

the whole 5 days testing period compared to the mix made with AEG mixer. 

In water bath cured samples temperatures also drop initially the first 4 - 5 h and after 

that the hydration reactions slightly postpone further temperature drop until about 10 - 

12 h after which the temperature gradually closes the water bath temperature. After 

about 12 h the temperatures of all water cured samples coincide and are more or less the 

same during the rest of the testing period. After two days the mix temperatures are only 

about 0.2 C higher that the water bath temperature and after 4.5 days almost the same. 

The 5/5 mix persists longest the temperature drop. The two P308B mixes possess 

almost identical temperature slopes in water bath. 

The mix 5/5 generates higher temperatures in air cured samples than the mix P308B 

(Desoi mixer), but the setting of the mix 5/5 is clearly lower than with the P308B mix. 

This is probably due toe accelerating effect of hydration by high amount of silica of the 

P308B mix. Acceleration is not seen in temperature curves possibly because of the 
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higher W/DM -ratio of the P308B mix compared to 5/5 mix. In water bath cured 

samples the difference in temperatures is much smaller, and the setting pattern is 

similar. 

7.8.4 Conclusions 

The conditions in the laboratory tests were to follow the conditions in ONKALO tunnel 

and inside the rock. The samples that were cured in plastic cups in air were treated 

similarly as test samples in ONKALO tunnel. The samples that imitated the rock 

conditions were cured in closed metal cups that were immersed in water bath up to the 

upper edge. Water bath was supposed to suppress the temperature development of the 

grout in similar manner as rock and more rapidly than in the air cured samples. The 

setting test results support this view. 

The temperature of the water bath was lowered by 1 C compared to the air temperature 

of the cabinet (target temperature +7 C). This was unexpected and may be due to 

evaporation of water that cools the water at the same time. Evaporation of water inside 

the rock in ONKALO is not likely, thus it is not expected that cooling of the samples 

due to evaporation occurs and affects grout setting in rock conditions.

The 1 C lower temperature of water bath compared to the air temperature of the cabinet 

mostly explains the lower shear strengths of the water bath cured samples. The shear 

strengths do not differ greatly at the two testing conditions and are the same or quite 

close to each other in most cases. Although cold water bath surrounding the samples in 

metal cups effectively suppresses the hydration heat development, this does not seem to 

delay very much the setting.  

It is likely that there is a temperature difference between ONKALO tunnel and inside 

the rock that explains the deviating behaviour of grout in plastic cups in tunnel and in 

cracks in the rock. Even a small 1 C temperature difference tends to delay a little the 

setting of grout in colder environment. The actual temperature difference may be even 

higher and variable due to f.ex. warming effect by the machines run in the tunnel. 

Reliable measurements on temperatures of the tunnel air and rock (ground water) would 

clarify the phenomenon. 

Mixing of the LpHMC mass proved again to be of utmost importance. It is necessary to 

mix the mass effectively in order to accelerate the hydration reactions and shorten the 

setting time. 

7.9 Rheology tests of micro cement grouts 

The rheology of the HpHMC mixes U1, 5/5 and 5/6 and the LpHMC mix P308B were 

tested with a rheometer, also early age properties of the masses were tested. The P308B 

mix was tested of masses that were prepared both with usual mixing (2+3 min) and with 

prolonged mixing (2+6 min). Each mix was tested twice for viscosity and yield values, 

first on freshly made mix and then again 15 - 30 minutes later. The rest of the mix was 

kept in a cooled cabinet (12  C) and mixed before the second test. The main results are 

presented in Table 7-13 and complete results in Appendix 2 (P308B2 = prolonged 

mixing). 
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Table 7-13. The rheology test results and properties at early age of three HpHMC and 
two LpHMC mixes. Cement UF16, consignment 060619, GroutAid 19.9.2005, SPL 

Mighty150, temperature target 12 C, batch size 3 liters, mixer Desoi AKM-70D 1500 
W.

Mix sil/cem W/DM SPL 
Temp.
meas.

Dens. Mars
h

fresh

Mars
h

0.5h

Mars
h 1h

Filter
Pump
fresh

Shea
r str. 
6h  

Shea
r str. 
24h

Plastic 
visc. 
fresh 

Plastic 
visc. 
15
min

Yield
stress 
fresh

Yield
stress 

15
min

   % °C kg/m3 s s s ml kPa kPa mPas mPas n/m2 n/m2

U1 0.00 0.80 2.0 20.4 1530 35.0 42.0 45.0 170 3.89 >245 21.9 38.8 6.86 8.87

5/5 0.18 1.00 2.8 20.3 1418 35.0 37.5 38.0 310 0.94 >245 10.1 11.5 5.55 7.01

5/6 0.18 1.20 2.8 19.4 1350 33.5 34.5 34.0 320 0.44 >245 7.52 8.51 3.77 4.24

P308B 0.69 1.40 4.0 19.5 1298 38.5 42.0 44.0 310 1.18 157 8.41 10.3 11.1 12.3

P308B* 0.69 1.40 4.0 21.1 1310 38.5 42.0 42.0 295 1.27 130 7.72 11.9 11.4 11.7

* prolonged mixing (2+6 min)  

The measured temperatures of the masses were around 20  C in spite of cooling as the 

cooling tap water was warmer than usually during early autumn (Table 7-13). This was 

the case in 2005 rheological measurements, too, that were also carried out during early 

autumn so the cooling temperatures were similar at both occasions. In 2005 the masses 

were mixed with less effective Polytron mixer compared to the powerful Desoi mixer in 

2006 masses that may have an effect on the results. 

The early age properties of the mixes differ somewhat from the earlier 2006 

measurements. Density is generally a little lower in rheological tests that could be 

caused by warmer mass. All Marsh values are within requirements, but both the density 

and warmer mass may influence a little to the results. 

The penetrability of U1 is surprisingly low, only 170 ml with a filter pump. A second 

test was done right after the first one and it was still quite low, 220 ml. On the other 

hand shear strength of the U1 mix is exceptionally high. It is possible that the cement 

consignment 060619 may possess somewhat lowered penetration ability. In the other 

mixes of Table 7-13 possible deviating properties of cement consignment 060619 

cannot be seen, maybe because they contain silica and have higher W/D -ratio. 

Penetration ability of a particular cement consignment may be lowered and early shear 

strength increased possibly because of higher dosage of calcium sulfate (gypsum) in 

cement during manufacturing. Gypsum is used in cement to control its setting time. 

Rheological measurements were determined of five mixes of the Table 7-13. The 

requirement for viscosity (  50 mPas) was fulfilled in all mixes. Yield stress values 

were higher than the requirement (yield value  5 Pa) in four mixes. Only the mix 5/6 

fulfilled the requirement of yield stress. 

The LpHMC mixes P308B possess lower plastic viscosity and higher yield stress than 

the HpHMC mixes U1 and 5/5. The best viscosity is obtained by the mix 5/6 with 

highest W/DM -ratio of the HpHMC mixes. 

The viscosity of the mix P308B with usual mixing is quite similar compared to 2005 

measurements: the plastic viscosity values are somewhat lower and also yield stress 

values are a little lower in 2006 measurements. The difference may be due to more 

homogenous mass of 2006 tests, but cement consignment may play a role, too.  
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7.10 NES tests of micro cement grouts 

Selected micro cement grouts were tested with the NES equipment at Cementa’s cement 

factory, Degerhamn, Sweden. The results are given in Appendix 3.  

7.11 Durability of mix P308B 

LpHMC mix P308B contains approximately 59 w-% cement and 41 w-% silica. Silica 

is added as aqueous suspension to the mass after two minutes mixing of water and 

cement, SPL is added just before silica and mixed for further three minutes. The mass 

changes to somewhat gelatinous at the latter half of the mixing due to silica. 

The even distribution of silica has become a significant issue as different mixers have 

been used. Silica forms easily granules that contain a large number of single silica 

particles attached to each other. With less efficient mixers formation of silica granules is 

more common and their size could be bigger than with mixers that are more powerful to 

disperse silica. Nevertheless, silica granules have been observed also in well dispersed 

P308B masses made in laboratory and in field. The size of silica granules in well 

dispersed mass may be less than about  0.1 - 0.2 mm. 

Silica granules may cause a problem as they may react with alkalis and form alkali 

silica gel that expands and causes cracking. The reaction is called alkali silica reaction 

(ASR) and it is well known to occur in many concrete structures worldwide with silica 

rich aggregate. The reaction occurs only if water is available. The ASR related to silica 

granules has been studied by Lagerlad & Utkin (1993). They found that poorly 

dispersed silica in concrete sometimes developed ASR and the concrete disintegrated 

rapidly both in accelerated alkali-silica reaction and freeze/thaw tests. Both the tests use 

sodium chloride as an accelerating agent. 

It was concluded in literature review (Appendix C by Raivio in Holt 2006) that low-pH 

grout mix is not liable to react in AS reactions even if unbroken silica granules are 

present in the mass. This is because the UF16 is sulphate resistant and low alkali cement 

with a low C3A content. Besides, lack of calcium hydroxide that is consumed in the 

reaction of cement and silica should also prevent the possibility to ASR. As reactions 

are very complicated experimental tests were recommended. 

To test the alkali-silica reactivity of P308B mix and U1 as a reference mix accelerated 

alkali-silica reaction test was performed on injection grout mixes without aggregate 

adapting the Nordtest method NT Build 295. Accelerated ASR test resembles somewhat 

the conditions in ONKALO at least if the total service life of the micro cement grouts 

are considered. In accelerated ASR test the prisms are immersed in saturated NaCl 

solution at 50 C for several weeks and changes in prism dimensions are recorded 

weekly. In ONKALO the NaCl comes from the saline ground water and the 

temperatures are expected to rise possibly even up to 50 C in future. 

As the test takes at least 8 weeks after 4 weeks curing in water, preliminary test was 

started with only one prism of each mix that had been cured about 3 weeks at 

100%RH/20 C. Unfortunately the P308B prism was already seemingly cracked while 

cured at 100%RH/20 C (Fig. 7-10a). The other end of the prism was also broken as the 
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studs were mounted. It may be necessary to repeat the test in order to get reliable 

results.

The prisms were immersed in plain water at +20 C for a couple of days before they 

were immersed in saturated salt water at +50 C. The length change of the prisms was 

measured once a week and at the end of the ASR testing period a thin section was 

prepared of the prisms to observe possible AS reaction and other defects. The prisms 

were also weighed and the pH of the NaCl solution was measured weekly. The results 

are shown in Fig. 7-10b.  

Figure 7-10a. Prisms of mixes U1 and P308B 

before immersion in accelerated ASR test. The 

P308B prism shows visible cracks and it was 

broken at the one end as the studs were 

mounted on it.

ASR test, NT Build 295, one 160 mm prism
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Figure 7-10b. ASR test of the low-pH mix P308B 

and the reference mix U1.

The point of the volume measurement at the age of 28 days may be somewhat 

erroneously calibrated as it is the only point where the mix U1 seems to have 

appreciably expanded. Otherwise in plain water and at other points in salt water the mix 

U1 seems not to be much affected by the accelerated ASR test. If point 22 d is 

considered as a reference point for the U1 mix the expansion after 8 weeks of ASR test 

was small, only 0.02 mm/m. The pH of the salt water remained constant during the ASR 

test and was approximately 12.7 as measured with the pH indicator sticks. The weight 

of the U1 prism increased 4.7 % from age 22 d. 

The mix P308B expanded clearly in the ASR test, 0.21 mm/m from the beginning of the 

ASR test or 0.32 mm/m from the reference point in water at 26 d. According to 

Lagerblad & Utkin (1993) the expansion of 0.07 mm/m in 20 weeks with Slite Std. 

cement means reactive concrete mix in accelerated ASR test. The pH of the salt water 

remained constant during the ASR test and was approximately 7.7. The weight of the 

P308B prism increased 7.6 % from age 26 d. 

The thin section of the P308B shows no evidence of AS reactivity. No alkali silica gel 

was observed in pores and cracks. The prism was already cracked before the ASR test 

and the cracks were widened and probably even more cracks were formed during the 

test (Fig. 7-11a & b). Expansion of the P308B prism was caused by widening of cracks 

that were probably caused by expansion or shrinkage during the first 3 weeks curing 
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time at 100%RH/20 C. Alkali silica reaction of P308B mix was not observed in the 

accelerated 8 weeks ASR test. Because of already formed cracks in the P308B prism 

and inaccuracy of the ASR test performed, the test should be repeated. Also curing at 

100%RH/20 C seems inappropriate for the P308B mix as cracks are formed before age 

28 d. Curing at lower temperatures or in water should be tested. 

7.12 Grain size distribution of UF16 cement 

The grain size distribution of the Ultrafin16 cement was tested at CT-Laastit and 

Contesta Oy. Several cement consignments were tested with two different methods: LS 

Particle Size Analyzer (CT-Laastit, Fig. 7-12a, c) and granulometer (Contesta, Fig. 7-

12b, d). The granulometer method gives generally finer grain size distribution at the 

finer end (up to about 8 m) and vice versa at the coarser end compared to the LS 

Particle Size Analyzer method. The exact volume % should therefore not be compared 

between the two methods. 

The two methods gave somewhat deviating results, although the results and equipment 

have been checked. UF16 cement consignment 060221 is coarsest with both analyzing 

methods. With LS Particle Size method the other 4 consignments possess more or less 

similar and finer grain size distribution. With granulometer method 3 of the 5 other 

consignments are located at the finer end while two consignments 060124 and 060403 

are located between the coarsest and finest gradations, especially at particle sizes above 

5 m. The reason of deviating results of the two methods is not understood. 

Figure 7-11a. Prisms of mixes U1 and 

P308B (½ prism) after the accelerated ASR 

test. The P308B prism was broken into 

pieces by bare fingers, U1 was quite intact 

after the ASR test.

Figure 7-11b. Thin section of the low-pH 

mix P308B after the ASR test. Numerous 

wider and narrower cracks are seen as 

light lines crossing the paste.

At grain sizes below 5 m (50 - 55 % material passed) the gradations are quite similar 

by the two methods (not by vol-%). The consignment 060221 is the coarsest and 

060124 next coarsest at the finer end, all other consignments are close together and 

slightly finer than the two coarser consignments. The coarser consignments 060124 
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(only at the finer end) and 060221 have shown good penetration by filter pump of 

P308B or U1 mixes if properly mixed at laboratory at 12 C target temperature. Cement 

consignment 060125 was disqualified by Cementa and 060403 behaved badly at field 

test at ONKALO. These two consignments showed poor penetration by filter pump at 

about 12 C either at laboratory or at field. The consignment 060619 did not penetrate 

well with a filter pump test of U1 mix at laboratory. If silica was part of the mixture 

(P308B and 5/5) the consignment 060619 penetrated well. Cement consignment 060331 

was not tested at laboratory. 

It seems that grain size distribution of UF16 has an effect on the penetration ability of 

injection grout mixes. The mix U1 with no silica is more vulnerable to the variation of 

cement grain size distribution, especially its finer end. Mixes with moderate or high 

silica content are not affected so clearly by the grain size distribution as the U1 mix 

presuming that mixing has been efficient enough. Probably also other cement quality 

variation like the amount of gypsum affects the grout properties.

UF16, grain size distribution, LS Particle Size Analyzer
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Figure 7-12a. Grain size distribution of 5 UF16 cement consignments manufactured in 

2006. Analyzed at CT-Laastit Oy. 
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UF16, grain size distribution, granulometer
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Figure 7-12b. Grain size distribution of 6 UF16 cement consignments manufactured in 
2006. Analyzed at Contesta Oy. 
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Figure 7-12c. Grain size distribution of the finer end of 5 UF16 cement consignments 

manufactured in 2006. Analyzed at CT-Laastit Oy. 
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UF16, grain size distribution, granulometer
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Figure 7-12d. Grain size distribution of the finer end of 6 UF16 cement consignments 

manufactured in 2006. Analyzed at Contesta Oy. 
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8 CEMENT GROUTS 

8.1 High pH cement grouts 

8.1.1 Objectives 

The objective of testing high pH cement (HpHC) grouts at laboratory was to develop 

mixes for use in larger cracks in ONKALO. The high pH mixes are made with coarse 

sulphate resistant SR cement. The requirement for penetrability was of minor 

importance for SR cement. The larger cracks are first injected with SR cement and then 

sealed with micro cement that penetrates the smaller cracks. High pH cement grout 

mixes are used presently and in near future in ONKALO.  

8.2 HpHC grouts with SR cement 

8.2.1 Screening tests 

Preliminary tests for SR cement were made in laboratory (Figs. 8-1a-j and Table 8-1, all 

results in App. 1). The sil/cem for SR cement test series was 0.25, W/DM = 0.9, 1.1 or 

1.3. Especially the SPL type and amount was studied in these tests. The cement used 

was Finnsementti Oy's SR cement, consignment 250106. The target temperature was 12 

C except 7 C for the mix SR6. The tests were made within one month of each other 

Two reference mixes of SR cement were also tested that had already beet at use in 

ONKALO. The O mix has sil/cem = 0.00, W/DM = 1.00 and 2.0 % of SPL SetControl 

II. The M mix has sil/cem = 0.17, W/DM = 1.256 and 2.6 % of SPL SP40.
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Figure. 8-1e.
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Figure 8-1a-j. The sil/cem, W/DM  and main results of HpHC grouts, sil/cem = 0 - 

0.25. SR cement, consignment 250106, SPL type and amount variable, temperature 12 

C, mixer Desoi AKM-70D 1500 W.
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Table 8-1. The sil/cem, W/DM and main results of HpHC grouts.  

Mix sil/cem W/DM SPL SPL 
Temp

.
Dens.
kg/m3

Marsh
fresh

Marsh
1h

Penetr.,
filter

pump
100 m Bleed.

Shear
str.
6 h 

Shear
str.
24 h 

Comp.
str.
1 d 

Comp.
str.
28 d 

    % C g s s ml vol-% kPa kPa MPa MPa 

O 0 1 SetControl II 2.0 12 1510 31.0 30.5 10 32.8 0.39 196 0.99 13.4 

M 0.17 1.26 SP40 2.6 12 1384 31.5 32.0 40* 0 <0.15 157 0.42 13.6 

SR6 0.25 0.9 mighty150 2.0 12 1492 37.5 41.5 10 0.3 0.47 >245 1.17 27 

SR6 0.25 0.9 mighty150 2.0 7 1514 37.0 43.0 10 0.4 <0.15 157 0.52 27.9 

SR5 0.25 1.1 mighty150 2.0 12 1432 35.0 37.5 10 0.5 0.25 196 0.62 18 

SR1 0.25 1.3 mighty150 2.7 12 1358 31.0 33.0 50* 0 <0.15 69 0.26 12.6 

SR2 0.25 1.3 mighty150 3.5 12 1361 31.5 32.0 45* 0 <0.15 59 0.22 11.7 

SR3 0.25 1.3 SP40 2.7 12 1363 30.5 34.0 25 3.4 <0.15 85 0.4 14.1 

SR4 0.25 1.3 SP40 3.5 12 1377 31.5 32.5 20 3.2 <0.15 74 0.36 13.3 

*Filter size 130 m

In the HpHC grout test series there are 4 variables (sil/cem, W/DM, SPL type and 

amount) that give limited possibilities to make comparisons. For example, the effect of 

sil/cem cannot usually be estimated as the W/DM varies too. 

Following conclusions can be drawn from the results of Figs. 8-1, Table 8-1 and App.1: 

- density is highly dependent on W/DM: the higher the W/DM the lower the 

density and vice versa (mixes SR1- SR4) 

- tested SPL type and amount seem to have little effect on density (SR1-SR4) 

- the density increases as the sil/cem decreases 

- all Marsh fresh and Marsh 1 h values are within the requirement (  45 s); the 

values are so close to each other that only some conclusions can be made 

- Marsh fresh and 1 h values improve as W/DM increases 

- SPL types SP40 and Mighty 150 and their amount have little effect on Marsh 

values; the results are practically the same for both SPL types and levels (SR1-

SR4); the differences could be more obvious at higher sil/cem and/or lower 

W/DM levels 

- higher W/DM gives better Marsh fresh and 1 h values (SR5-SR6) 

- penetrability gives low values for all SR mixes; this is expected as SR cement is 

coarser than micro cement UF 16 

- bleeding at 2 h is within requirement (  2 %, desired properties) with most SR 

mixes, but for mix O (sil/cem = 0.00, W/DM = 1.00, SPL SetControl II 2.0 %) it 

is extremely high (about 33 vol-%); also SR3 and SR 4 mixes have rather high 

bleeding (>3 %) 

- shear strength at 6 h of all SR mixes are below the requirement (<0.5 kPa); the 

mix SR6 (sil/cem = 0.25, W/DM 0.9, SPL Mighty150 2.0 %) come closest to 

requirement, the next best is the reference mix O 

- it seems difficult to get acceptable shear strength 6 h values with SR cement; 

also at 24 h the shear strength values are still low 

- the compressive strength gain pattern is similar to shear strengths at 1 and 28 d; 

only the reference mix O shows somewhat better early age strength build up that 

has evened out compared to others at 28 d 



62

- again, the SPL type and amount have minor effect on strength build-up, more 

important is the W/DM 

- it is necessary to keep W/DM as low as possible to achieve acceptable strength 

gain for SR cements 

- 91 day compressive strength is 31.2 MPa of the SR6 mix. 

Based on this test series the best SR cement mix is SR6 (sil/cem = 0.25, W/DM 0.9, 

SPL Mighty150 2.0 %). It was tested also at 7 C (Table 8-1). Its behaviour at 7 C is 

close to that at 12 C at early age but already at 6 h - 1 day the temperature drop clearly 

decreases the strength build-up. After 1 d the prisms were stored at 100% RH/20 C and 

the compressive strength is at the same level in both samples at 28 days. 

8.2.2 Conclusions 

Of the Table 8-1 test series the SR6 mix is the only mix that has nearly acceptable fresh 

and hardening state properties at 12 C. Unfortunately, as soon as the temperature 

drops, the strength gain degrades rapidly at early age (<1 d). The final strength is appr. 

the same at 7 and 12 C. None of the other mixes is acceptable, either due to low early 

strength or high bleeding. 

It seems not likely that SR6 mix can be much modified to get better behaviour at lower 

temperatures. Minor decrease of W/DM -ratio is possible at 7 C until the Marsh values 

start to degrade. 

Another possibility could be to lower silica content in HpHC grout. The mix M with 

sil/cem = 0.17 is interesting. It behaves well at fresh state, but its strength gain is poor 

with SPL SP40. As different SPLs influence greatly the mix properties, the M mix with 

Mighty 150 SPL might be a worth-wile try. 

8.3 Low pH cement grouts 

8.3.1 Objectives 

The objective of testing low pH cement (LpHC) grouts at laboratory was to develop 

mixes for use in larger cracks in ONKALO below appr. -300 meters. The low pH mixes 

are made with coarse sulphate resistant SR cement of Finnsementti Oy. The LpHC 

grout mixes need to fullfill the requirement of pH that must be  11.0. The sil/cem -ratio 

of LpHC mixes is 0.69. The variables are W/DM (1.00 - 1.60) and cement consignment. 

8.4 LpHC grouts with SR cement 

8.4.1 Screening tests 

Preliminary tests for LpHC with SR cement were made in laboratory (Figs. 8-2a-d and 

Table 8-2, all results in App. 1). The sil/cem for SR cement is 0.69, Mighty150 SPL is 

used as 4 % of DM. The main focus was to adjust the W/DM that varies between 1.00 - 

1.60 in the mixes. The cement used was Finnsementti Oy's SR cement, consignment 

250106 that came directly from the factory, and another sack made 151105 delivered 
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via Olkiluoto in one mix. The target temperature was 12 C. The tests were made during 

one day. The cement that came from Olkiluoto was about 3 months old during mass 

preparation, in the other mixes the cement was less than 1 month old. 
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Figure 8-2a-d. The W/DM and main test results of LpHC mixes, sil/cem = 0.69. SR 

cement, consignment 250106 or 151105 (green triangle and square), SPL Mighty150 4 

%, temperature 12 C, batch size about 3 liters, mixer Desoi AKM-70D 1500 W.  

Table 8-2. The W/DM -ratio and main test results of LpHC mixes, sil/cem = 0.69.  

Mix W/DM

SR
cement 
consign. 

Bulk
density 

Marsh
fresh

Marsh
1h

Filter Pump 
fresh

Filter 130 m

Bleed
. 2h 

Shear
strength

6h

Shear
strength

24h

Comp.
str.
1 d 

Comp.
str.
28 d 

Comp
. str. 
91 d

  kg/m3
s s ml vol-% kPa kPa MPa MPa MPa

LSR1 1.00 SR250106 1436 40.5 48.5 60 0.0 1.13 240 0.68 30.1  
LSR2 1.20 SR250106 1354 37.5 41.5 75 0.0 1.57 122 0.39 24.7 29.6
LSR3 1.40 SR250106 1347 35.5 39.0 125 0.0 0.90 57 0.23 16.0  
LSR3 1.40 SR151105 1328 35.0 36.0 70 0.0 1.57 57 0.20 16.4  
LSR4 1.60 SR250106 1283 34.0 36.5 80 0.0 0.37 36 0.16 14.0  

Following conclusions can be drawn from the results of Figs. 8-2 a-d and Table 8-2: 

- density is highly dependent on W/DM: the higher the W/DM the lower the 

density and vice versa)  

- all Marsh fresh values are within the requirement (  45 s) 

- all Marsh 1h values are within the requirement except the one with the lowest 

W/DM = 1.00 

- Marsh fresh and 1 h values improve as W/DM increases 
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- penetrability measured with a filter pump gives rather low values for all SR 

mixes with a 130 m filter; this is expected as SR cement is coarser than micro 

cement UF 16 

- all mixes are soft at 2 h, but no bleeding is observed (  2 %, desired properties) 

- shear strength at 6 h is above the requirement ( 0.5 kPa) for all mixes except the 

mix LSR4 with highest W/DM; the shear strength of mix LSR1 seems 

surprisingly low as its W/DM is smallest; shear strengths at 24 h are linearly 

arranged as expected according to W/DM 

- mixes LSR2 and LSR3 (green triangle) rise above 1.5 kPa in shear strength at 6 

h, probably also LSR1 in a repeated test; the good result is partly due to low 

enough W/DM, but may also be dependent on cement consignment 

- the compressive strength build-up pattern at 1 and 28 d is linearly arranged 

according to W/DM -ratio; all mixes exceed the requirement at 28 d (  4 MPa) 

- 91 d compressive strength is 29.6 MPa of the LSR2 mix 

- cement consignment (LSR3, green square or triangle) has a small diminishing 

effect on density and Marsh fluidity values, but it seems to increase considerably 

the shear strength at 6 h, later strength build-up is similar to the other cement 

consignment; however, as only one test is done with another cement 

consignment, no definite conclusions should be drawn.  

8.4.2 Conclusions 

Based on the test series of Table 8-2 the best LpHC mix with SR cement is LSR2 

(W/DM = 1.2). It fills without difficulties the requirements of Marsh fluidity, shear 

strength at 6 h and compressive strength at 28 days. At 2 hours the mix is still soft, but 

no bleeding is observed. There is some indication that different cement consignment 

may have some effect on the test results that may even be improved. However, the mix 

LSR2 has been tested in laboratory only at 12 C, so at least the strength build up is 

expected to be clearly lower at early age (<1 day) at lower temperatures. 
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9 ROCK BOLT MORTARS 

9.1 Objectives 

Rock bolt mortars are used to grout bolts in rock. The bolts are installed in 3 m long 

holes usually in the roof and walls of ONKALO. Similarly to the injection grouts rock 

bolt mortars will not be removed from ONKALO. This is why low pH rock bolt mortar 

(LpHRBM) is needed. The objective of testing rock bolt mortars is to find a LpHRBM 

that functions as well as high pH rock bolt mortar (HpHRBM). The requirements for 

rock bolt mortars are compressive strength (  45 MPa at 28 days) and that they are 

coherent enough to stick immediately to the holes as injected. The LpHRBM need also 

to fullfill the requirement of pH that must be  11.0. 

9.2 Screening tests 

Preliminary tests of rock bolt mortars, both high and low pH, were made in laboratory 

(Table 9-1, all results in App. 1). The rock bolt mortars were made with coarse sulphate 

resistant SR cement of Finnsementti Oy. As the mixes are rather stiff they were mixed 

with a 3 or 15 liters Hobart mixer with flat beaters. The efficiency of the Hobart mixer 

to mix silica is much poorer than that of high speed injection grout mixers. This is why 

aggregate was used in some mixes. Fine-grained aggregate helps to mix especially silica 

that easily forms granules in paste.  

The sil/cem of rock bolt mortars was either 0.00 or 0.69 (and 1.00 in one mix). As the 

mortars were to be stiff the W/DM was kept as low as possible, around 0.4 for 

HpHRBM. As LpHRBM contains silica it was necessary to increase the water amount 

considerably, up to W/DM = 0.8 - 1.0. During mixing water was added until the mix 

seemed to possess suitable consistency. Mixing time was in some cases prolonged up to 

15 minutes due to water adding. Mixing and testing were performed at room 

temperature. Two SR cement consignments were used. No SPL was used. The rock 

aggregate is typical Finnish granitic aggregate, grain sizes 0.1/0.6 mm and 0.5/1.2 mm. 

The agg/p -ratio varied from 0 to 4.  

Consistency of RBM was measured by a slump tests by Haegermann usually with 15 

strokes at fresh state. The compressive strength was tested first of prisms sized 40 mm x 

40 mm x 160 mm at 1, 7 and 28 d. Later compressive strength testing at 28 d will be 

performed of cubes sized 100 mm x 100 mm x 100 mm of selected mixes. 
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Table 9-1. The W/DM, sil/cem and agg/p and main test results of rock bolt mortars. SR 
cement, consignment 151105 (J6, J4, J3, J1, J2) or 250106 (others), strength tests of 

prisms, except one of a cube , temperature 20 C, batch size 3 - 7 liters, mixer Hobart 3 
or 15 liters. 

Mix W/DM sil/cem agg/p 
Cement 
consign. 

agg agg Dens.
5 min 

Air
5 min

Cons.
(15 strokes)

5 min 

Comp.
str. 1d
Prism**

Comp.
str. 7d 
Prism**

Comp.
str. 28d 
Cube# 

Comp.
str. 28d
Prism**

0.1/0.6
mm

0.5/1.2
mm kg/m3 Vol-% mm MPa MPa MPa MPa 

J6 0.50 0.00 0 151105   271* 1.53  36.5 

J7 0.30 0.00 0 250106   178 35.2 73.3  88.3 

J8 0.45 0.00 2 250106 66.67 33.33   181 14.6 40.0  50.2 

J4 0.33 0.00 1 151105 66.67 33.33 2214 3.7 175 26.1 56.9  71.3 

J9 0.79 0.69 0 250106   148 2.54 20.3  33.8 

J3 0.90 1.00 0 151105   143 0.63  23.5 28.8 

J1 0.80 0.69 1 151105 66.67 33.33 1793 2.0 141 3.41 22.3  42.0 

J2 1.04 0.69 4 151105 66.67 33.33 1972 4.8 145 1.50 11.0  23.9 

J10 0.93 0.69 2 250106 66.67 33.33   162 1.79 13.9  26.3 

* without strokes 

** prism 40 mm x 40 mm x 160 mm 

#  cube 150 mm x 150 mm x 150mm 

Following conclusions can be drawn from the results of Table 9-1: 

- HpHRBM fullfills the requirements for consistency and compressive strength 

with and without aggregate, but the agg/p need to be approximately under  1.0 

- mixing of LpHRBM is difficult as silica makes the mass very stiff; adding 

aggregate to the mass helps the mixing of the mass and also helps to disperse 

silica granules 

- due to high amount of silica the water demand of LpHRBM is high and this 

leads to decreased compressive strength 

- consistency of the LpHRBM is satisfactory although there might be need to 

somewhat further increase water in the mass 

- the requirement for compressive strength is not reached with LpHRBM mixes 

with or without aggregate 

- conclusions cannot be made of the cement consignment as no comparable tests 

are done.

9.2.1 Conclusions 

Based on the test series of Table 9-1 the requirements determined for the rock bolt 

mortars are achieved with HpHRBM with or without aggregate. 

With the LpHRBM there are major difficulties with mixing of the mass and especially 

dispersing silica with flat beater -type mixer. Nor is the requirement for compressive 

strength at 28 days fulfilled. Consistency of LpHRBM is satisfactory, but adjustment 

may still be needed. Blending fine grained aggregate with the LpHRBM helps mixing 

and helps to disperse silica granules, although probably not well enough. If LpHRBM 
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are to be tested further, superplasticizer is needed to lower the water content and 

improve the strength development. 
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10 EVALUATION OF RESULTS  

10.1 Laboratory mixer vs. field mixer 

Mixers at field and at laboratory are obviously of different type and scale. At laboratory 

maximum mixing volume has been 8 litres, at field around 100 litre batches are used. At 

laboratory the most usual batch size is 3 litres. The mixer is significant as its efficiency 

has a more or less strong impact on the test results. This is one reason why the 

laboratory test result are not directly comparable to field test results.  

At laboratory several mixers have been used. The LpHMC mixes are not typical grout 

mixes as they contain high amounts silica. Silica stiffens the mass that has to be 

overcome by increasing the water and/or SPL content of the mass. Even fluid LpHMC 

masses seem to be somewhat viscous which has an impact on the mixer.  

The product GroutAid is an aqueous suspension of microsilica (solids content 

50% 2%). The particles are extremely fine having more than 90 % less than 1 m in 

grain size. Silica is evenly distributed in the product GroutAid. However, silica is 

seldom completely evenly distributed when mixed with cement-based mixes. Silica 

forms commonly granules of immiscible silica of around  0.1 - 1 mm in size. These 

can often been seen as dark grey spots on a hardened grout with bare eye or with a 

microscope. Dry silica powder forms more easily silica granules in cement-based mixes 

than silica that is added as aqueous suspension.

The most efficient mixer in laboratory has a small volume mixing unit (about 1 dl), a 

sort of perforated cup that sucks the mass inside the cup where it is mixed with a very 

high speed (up to 25 000 rpm). Polytron PT-3100, Ultra-Turrax (at Cementa) and Desoi 

AKM-70D are of this type. Polytron and Ultra-Turrax mixers have not been powerful 

enough to mix a 3 litre masses. Desoi AKM-70D with a 1500 W engine has been most 

useful in the laboratory but even that has often been stopping during mixing due to 

heating of the engine even with fluid LpHMC masses.  

The Desoi mixer seems to be satisfactory in dispersing silica. This is important 

especially for the penetration ability of the mixes. Based on microscopy on one LpHMC 

sample from ONKALO the field mixer (May 2006) has also been efficient to disperse 

silica. The mixing method of the field mixer is yet based on different method from that 

of the Desoi mixer.  

As an alternative mixer, AEG SB2E 750 SuperTorque drill mixer with a high-power 

disc (max 3400 rpm) was used for some mixes. Although the mixer itself was powerful 

and mixed evenly the masses, it became evident that it was not possible to disperse 

silica properly with the disc type head. Undispersed silica may be one factor that 

significantly reduces the penetration ability of the mass. Somewhat similar flat blade 

type mixers like electric blenders and Contesta's old Turbo injection grout mixer 

possibly behave in the same manner. Also the Hobart mixer with flat beaters for mixing 

LpHRBM masses is most likely quite incapable to disperse silica.  
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10.2 Mixes 

The HpHMC mix U1 with UF16 cement and no silica (W/DM = 0.8, SPL Mighty150 

2.0 %) shows good properties at fresh and hardening stage at 12 C. The bulk density of 

the U1 mix is appr. 1560 kg/m
3
. At lower temperatures the strength development 

weakens and the requirement for the shear strength at 6 h is not reached, although other 

properties are within requirements. There is some concern about the possible tendency 

of the U1 mix to shrink at later ages. This may require some more testing, although it is 

supposed that injection grout in rock will not be able to shrink. The U1 mix seems to be 

suitable for use in ONKALO as HpHMC grout at 12 C temperature.  

As HpHMC grout with moderate silica the mix 5/5 (W/DM = 1.00, sil/cem = 0.18, SPL 

Mighty150 2.8 %) possesses the most promising properties at 12 C. It is a compromise 

at moderate sil/cem to give optimum fluidity and strength development. The bulk 

density of the mix 5/5 is roughly 1440 kg/m
3
.

The mix 5/5 seems to be somewhat sensitive to variation in cement quality and lower 

temperatures giving partly unsatisfactory fresh state properties. Depending on the 

cement consignment or other variables, it may be necessary to increase slighty the 

W/DM of the mix 5/5 to improve the Marsh fluidity and penetrability of the mix in 

ONKALO at lower temperatures. It is also important that masses containing silica are 

mixed efficiently to achieve good penetrability in the rock.  

It is more efficient to increase a little W/DM -ratio than to decrease the sil/cem -ratio. 

The bulk density serves as a good reference value to indicate if modification of the 

W/DM need to be done. However, the bulk densities in laboratory and in the field may 

differ due to f. ex. temperature of the mass and cement consignment. Thus it is 

necessary first to define the proper density at field conditions. 

In laboratory the mass temperature tends to rise in spite of cooling especially during 

summer time and this has an effect on the test results. In ONKALO the environment 

temperature is more stable during mass mixing except the mixing water that varies 

according to the season. It is supposed that temperature variation causes less variation in 

mass properties in ONKALO than in laboratory. 

It is possible that UF16 cement can be replace with Rheocem 650 SR micro cement as 

HpHMC grouting material at moderate sil/cem at 12 C, but more tests need to be done 

to verify this assumption. The SPL amount may be reduced with R650 cement that is 

one of the aims during the ONKALO construction. The mix properties could come 

close to the mix 5/5 with R650 cement and somewhat smaller SPL amount. 

The LpHMC mix P308B intended for below appr. -300 m level in ONKALO was tested 

with varying cement consignments and at two temperatures. It seems that different 

UF16 cement consignments have a significant effect on various properties of the mix 

P308B. A couple of the cement consignments have even been faulty and this is shown 

especially in the lack of penetration ability. The reasons for this are still under 

examination, possible reasons include changes in the grain size distribution, cement 

mineral composition or calcium sulfate content and storing conditions of cement, 

among others. Further tests are probably needed. 

Based on these results, bulk density and Marsh fluidity at the fresh state at 12 C are 

quite stable for the fresh P308B mix, 1312 kg/m
3
 and 39 s, respectively. At 1 h the 
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Marsh fluidity is much more influenced by the cement consignment (varies between 42 

- 60 s). 

Penetrability by the filter pump is generally good, almost maximum, for the P308B mix, 

but it is highly dependent on the mixing efficiency and cement consignment. It is 

important that the mixing of the P308B mass is efficient; otherwise its penetrability will 

be weakened. Shortening or prolonging the mixing time does not affect the Marsh 

fluidity or penetrability. Reversed mixing order weakens considerably especially Marsh 

fluidity at 1 h. 

Penetrability by the penetrability meter gives somewhat contradictory results compared 

to 2005 laboratory tests. The bmin requirement is fulfilled in present P308B tests, but bcrit

requirement is not fulfilled in any. Efficient mixing helps somewhat the penetrability, 

but mostly the cement quality seems to cause the differences.  

At 12 C good early and later age strength build-up is achieved of the mix P308B, but 

these also depend on cement quality and mixing efficiency.  

The tests at 7 C were scarce and not too representative, so it is advisable not to draw 

too many conclusions of the test results. At lower temperature the fluidity at 1 h of the 

mix P308B is weakened and it seems that the penetrability of the mix degrades 

markedly. This is mostly due to higher bulk density at 7 C and partly due to cement 

consignment. A slight increase of W/DM of the mix P308B mix helps to improve the 

Marsh fluidity and penetrability at 7 C. However, at the same time the strength build-

up weakens, so the balance need to be maintained. 

Bubble forming may be more extensive in LpHMC grout compared to HpHMC grout at 

7 C and affect negatively the test results. Shear strength at 6 h weakens, but is over the 

requirement except with the mix with less efficient mixer and deviating cement. More 

tests are needed to confirm the results at 7 C of the P308B mix. 

The cracking of the P308B after 3 weeks at 100%RH/20 C may indicate that the mix 

possesses tendency to cracking at early age. Shrinkage/expansion of the LpHMC mix 

has not been studied expect in accelerated ASR test that started at the age of 4 weeks. It 

is important to study the deformation of the P308B mix starting directly after casting the 

samples. 

A few LpHMC mixes with glass were studied in which about half of the cement was 

replaced with finely ground glass. The mixes are promising, but need to adjusted by 

adding silica to prevent bleeding and to get better strength build-up. However, without 

SPL the mixes are not fluid enough. It seems possible to develop a LpHMC with glass 

and moderate silica, but it is probably necessary to use SPL in the mix and adjust the 

W/DM and sil/cem. Presently no further tests are planned with LpHMC containing 

finely ground glass.

Rheological measurements were determined of the three above mentioned micro cement 

mixes. The requirement for viscosity was fulfilled in all mixes. Yield stress values were 

not fulfilled in any of the mixes U1, 5/5 or P308B. The LpHMC mix P308B possess 

lower plastic viscosity and higher yield stress than the HpHMC mixes U1 and 5/5.  

NES tests were performed to get more information of the penetration ability in order to 

compare the results with filter pump and penetrability meter. The results indicate that 

adding microsilica slurry (and water) improves the penetrability of the grout. 
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The HpHC grouts with coarse SR cement are meant for larger cracks in ONKALO and 

there is no requirement for penetrability. Of the tested mixes SR6 has good fresh state 

properties at 12 C, its shear strength at 6 h comes close to the requirement and the final 

strength is good. At lower temperature the strength build-up degrades rapidly at early 

age (<1 d).  

It seems not likely that SR6 mix can be much modified to get better behaviour at lower 

temperatures. Minor decrease of W/DM may help a little at 7 C. It may be more useful 

to decrease the silica content in the coarse HpHC grout to achieve better early strength 

build-up.

The best LpHC mix with coarse SR cement is LSR2 (W/DM = 1.2). It fills the 

requirements at fresh and hardened state at 12 C, although at 2 hours the mix is still 

soft. At 6h the shear strength is well above the requirement. Different cement 

consignment may have some effect on the test results. The mix LSR2 has not been 

tested in laboratory at lower temperatures. 

The requirements determined for the rock bolt mortars are achieved with HpHRBM 

with or without aggregate. With the LpHRBM the requirement for compressive strength 

at 28 d is not fulfilled with or without aggregate. Mixing of LpHRBM is difficult due to 

stickiness of the mass and with an inefficient mixer. Dispersion of silica granules is 

probably poor. Blending fine grained aggregate with the LpHRBM helps mixing and 

helps to disperse silica granules, although probably not well enough. If LpHRBM are to 

be tested further, SPL is needed to lower the water content and to improve the strength 

development. 

Rock bolt mortars are used in very small quantities compared to injection grouts in 

ONKALO. It may not be necessary to use LpHRBM at all in ONKALO, as its impact 

on the pH plume is of minor importance. With HpHRBM the required strength is 

achieved and the mixing of the mass is easier. 



73

11 SUMMARY 

High pH cementitious grouts for fractures > 100 µm designed for the ONKALO rock 

were studied in laboratory during 2006 to optimise their composition and to get the 

preliminary test results for the field use. Low pH grouts were also studied further in 

laboratory to understand their behaviour more thoroughly. Alternative fine-grained 

glass material was briefly studied to replace silica in low pH grout. Low and high pH 

rock bolt mortars were also developed and tested in laboratory. 

The sulphate resisting cements possessed either typical construction cement grain size 

distribution or extremely finely ground micro cement grain size distribution, for wider 

or narrower fractures, respectively. It seems possible that the used UF16 cement or 

microsilica slurry can be replaced with another cement or finely ground glass, but these 

materials did not possess superior quality compared to UF16 cement and require more 

optimising and testing of grout mixes.  

The low pH of the grouts was achieved by replacing substantial part of cement with 

microsilica in slurry form. The superplasticizer was of naphthalene sulphonate type that 

was considered safe in long-term safety point of view. 

High amount of silica demands more water and superplasticizer in the mass. These 

affect the behaviour of the grouts in fresh and hardening stage. Penetrability and 

bleeding are improved, but setting delayed and strength build-up weakened, especially 

at lower temperatures. Microsilica changes also the rheological properties of the grouts 

by demanding more force of the low pH grout to flow compared to high pH grout. 

Cement quality variation affects markedly the grout behaviour. Grain size distribution 

of micro cement was studied, but it seems that other characteristics of cement play a 

role, too.

Insufficient mixing clearly affected negatively to the grout properties, especially 

penetrability and setting. It is important that the mixer has the ability to effectively 

disperse evenly the silica particles of the low pH grout. 

The high pH micro cement mix U1 with no silica, mix 5/5 with moderate silica and low 

pH mix P308B rich in silica show generally good properties at fresh and hardening 

stage at +12 C. Lower temperature seem to raise slightly the bulk density of the mixes 

that weakens especially the Marsh fluidity and penetration ability of the mixes 5/5 and 

P308B. At +7 C temperature the strength build-up of all the mixes is weakened below 

the requirement. 

The mixes with coarser construction cement designed for wider fractures behave 

similarly to micro cement mixes and generally fulfil the requirements at +12 C, at 

lower temperature the strength build-up is weakened. High penetration ability is not 

required of the coarser construction cement mixes. 

Deformation and strength loss at later ages of the hardened micro cement mixes were 

observed in laboratory tests. These may be due to changeable temperatures during the 

first day in laboratory and later curing at room temperature in moist environment. The 

curing temperature of the samples need to be lowered closer to the ONKALO 

temperature to get a better picture of their behaviour due to environmental effects. 
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The requirement of 28d compressive strength is not achieved for low pH rock bolt 

mortar. The mass becomes sticky and difficult to mix with high silica amount. Either 

the sil/cem -ratio need to be lowered or superplasticizer added to improve the mix. 
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Injection grouts of Posiva 2006
Testing at Contesta Oy, Kilterinkuja 2, PL 23, FIN-01601 Vantaa, tel. +358 9 2525 2441, gsm +358 50 387 2441, fax +358 9 2525 2426, www.contesta.

Low pH injection grouts Mix recipe

Mixer Desoi AKM-70D 1500W or AEG SB2E 750 SuperTorque drill mixer

Fill
(SPL not 

incl.)
Fill

Batch size

Temp.
target Water portion Weight total Water

Dry
material

(DM) DM DM DM Cement Cement Cement

GroutAid
(GA) GA dry

Date Old name Mix  °C Mixer Object W/DM of total mass g total g total g cem % GA % sil/cem type consign. g consign. g
9.2.,28.2.06 matriisi1/1 LSR1 12 Desoi SR cement 1,00 0,5000 4200 2100 2100 59,27 40,73 0,69 SR 25.1.06 1245 855
9.2.,28.2.06 matriisi1/2 LSR2 12 Desoi SR cement 1,20 0,5455 4200 2291 1909 59,27 40,73 0,69 SR 25.1.06 1132 778
9.2.,28.2.06 matriisi1/3 LSR3 12 Desoi SR cement 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 SR 25.1.06 988 679
9.2.,28.2.06 matriisi1/3 LSR3 12 Desoi SR cement, other consignment 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 SR 15.11.05 988 679
9.2.,28.2.06 matriisi1/4 LSR4 12 Desoi SR cement 1,60 0,6154 4000 2462 1538 59,27 40,73 0,69 SR 25.1.06 912 627

1.3.2006 P308B 12 Desoi fresh micro cement 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
1.3.2006 P308B 12 Desoi faulty micro cement 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060125 988 679
30.3.2006 P308B 7 Desoi temperature 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060221 988 679
30.3.2006 P308B 7 Desoi temperature 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060221 988 679
30.3.2006 P308B 12 Desoi penetrability meter, batch 8 l 1,40 0,5833 10800 6300 4500 59,27 40,73 0,69 UF16 060221 2667 1833
6.4.2006 P308B 12 Desoi basic tests 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060221 988 19.9.05 679
6.4.2006 P308B 12 Desoi penetrability meter 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060221 988 19.9.05 679
6.4.2006 P308B 7 Desoi temp., long mixing 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060221 988 679
2.6.2006 P308B 12 AEG field test cement 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060403 988 10.8.05 679
2.6.2006 P308B 7 AEG temp., field test cement 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060403 988 10.8.05 679
2.6.2006 P308B 12 AEG penetr. meter, field test cement 1,40 0,5833 6500 3792 2708 59,27 40,73 0,69 UF16 060403 1605 10.8.05 1103
9.6.2006 P308B 12 AEG field test cement 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060403 988 10.8.05 679
9.6.2006 P308B 12 AEG field test comparison, other cons. 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060221 988 10.8.05 679
21.9.2006 P308B 12 Desoi other cement consigment 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060619 988 19.9.05 679
28.9.2006 P308B 12 Desoi rheology 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060619 988 19.9.05 679
28.9.2006 P308B 12 Desoi rheology, long mixing 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060619 988 19.9.05 679
14.3.2006 P308B 4 MIN P308B 12 Desoi mixing time 4 min 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
14.3.2006 P308B 6 MIN P308B 12 Desoi mixing time 6 min 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
14.3.2006 P308B 8 MIN P308B 12 Desoi mixing time 8 min 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
14.3.2006 P308B 4 MIN REV P308B 12 Desoi reversed mixing, mixing time 4 min 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
14.3.2006 P308B 6 MIN REV P308B 12 Desoi reversed mixing, mixing time 6 min 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
14.3.2006 P308B 8 MIN REV P308B 12 Desoi reversed mixing, mixing time 8 min 1,40 0,5833 4000 2333 1667 59,27 40,73 0,69 UF16 060124 988 679
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uja 2, PL 2

AEG SB2

Mix
LSR1
LSR2
LSR3
LSR3
LSR4

P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B
P308B

T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM AN
Curing of co
First 24h afte
After 1 day c

Test properties (measured)

Fill
Mixing at room 

temp.
* Cooling 

during mixing SPL included: 

Bulk
density

Marsh
fresh

Marsh
0.5h

Marsh
1h

Marsh
1h

Filter
Pump
fresh

Filter
Pump
0.5 h

Filter
Pump

1 h

Bleeding
2h

Shear
strength

6h

Shear
strength

24h

Comp.
strength

1 day

GA slurry Water

Super-
plastiziser

(SPL) SPL SPL Batch

Temp. °C, 
water

Temp. °C, 
mass 1000 ml

1000
ml/s

1000
ml/s

Amount
ml

100 or 
*=130

m

100

m

100

m

Prism
40x40x160

mm3

g g type % g volume l beg. of mixing end of mixing W/DM g r max time or max timn max tim ml ml ml vol-% kPa kPa MPa
1711 1245 Mighty 150 4 84 2,87 4.6 / 4.2 16.5* / 15.2* 1,01 1436 40,5 48,5 60* 0,0 1,13 240 0,68
1555 1513 Mighty 150 4 76 2,99 5.3 / 4.2 15.4* / 12.4* 1,20 1354 37,5 41,5 75* 0,0 1,57 122 0,39
1358 1655 Mighty 150 4 67 2,94 5.8 / 4.2 13.7* / 11.9* 1,40 1347 35,5 39,0 125* 0,0 0,90 57 0,23
1358 1655 Mighty 150 4 67 2,94 5.4 / 4.2 13.6* / 11.9* 1,40 1328 35,0 36,0 70* 0,0 1,57 57 0,20
1253 1835 Mighty 150 4 62 3,03 5.2 / 4.2 13.5* / 11.5* 1,60 1283 34,0 36,5 80* 0,0 0,37 36 0,16
1358 1655 Mighty 150 4 67 2,94 5,6 12.2* 1,40 1321 40,0 60,0 310 0,0 2,06 >245 0,73
1358 1655 Mighty 150 4 67 2,94 4,3 12.1* 1,40 1331 39,5 58,5 135 0,0 0,98 >245 0,73
1358 1655 Mighty 150 4 67 2,94 4,4 10.1* 1,40 1329 43,5 87,0 240 0,0 0,90 94,1 0,41
1358 1655 Mighty 150 4 67 2,94 5,0 12.3* 1,40 1329 44,5 96,0 130
3666 4467 Mighty 150 4 180 7,95 4,5 13.3* 1,40 1322 53,0 70,0 74,0
1358 1655 Mighty 150 4 67 2,94 4,2 12.6* 1,40 1355 45,5 95,0 119,5 230 0,0 3,37 >245 0,74
1358 1655 Mighty 150 4 67 2,94 4,7 12.6* 1,40
1358 1655 Mighty 150 4 67 2,94 4,5 12.9* 1,40 1326 45,0 71,0 155 0,0 0,78 >245 1,08
1358 1655 Mighty 150 4 67 2,94 8,8 13.4* 1,40 1315 38,0 45,5 120 90 60 0,0 0,81
1358 1655 Mighty 150 4 67 2,94 8,8 11.6* 1,40 1312 38,5 49,0 180 120 95 0,1 0,25
2206 2689 Mighty 150 4 108 4,79 8,2 12.2* 1,40
1358 1655 Mighty 150 4 67 2,94 9,3 13.3* 1,40 1310 38,0 43,5 60 40 40 0,98
1358 1655 Mighty 150 4 67 2,94 9,6 13.2* 1,40 1323 36,5 41,0 250 90 105 0,35
1358 1655 Mighty 150 4 67 2,94 13,9 19.0* 1,40 1318 39,5 44,5 305 0,1 1,57 196 0,59
1358 1655 Mighty 150 4 67 2,94 14,2 19.5* 1,40 1298 38,5 42,0 44,0 310 1,18 157
1358 1655 Mighty 150 4 67 2,94 14,1 21.1* 1,40 1310 38,5 42,0 42,0 295 1,27 130
1358 1655 Mighty 150 4 67 2,94 4,5 12.0* 1,40 1330 39,0 53,5 295 0,1 2,14 >245 0,70
1358 1655 Mighty 150 4 67 2,94 5,1 12.8* 1,40 1343 41,5 56,5 305 0,1 2,06 >245 0,71
1358 1655 Mighty 150 4 67 2,94 4,7 13.2* 1,40 1319 38,5 50,0 300 0,1 1,90 >245 0,73
1358 1655 Mighty 150 4 67 2,94 4,8 12.5* 1,40 1331 39,5 90,5 310 0,1 1,43 >245 0,55
1358 1655 Mighty 150 4 67 2,94 4,8 13.2* 1,40 1321 42,0 117,0 310 0,0 1,75 >245 0,60
1358 1655 Mighty 150 4 67 2,94 5,0 13.5* 1,40 1330 42,5 78,0 310 0,0 1,57 >245 0,59
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Mix
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LSR2
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P308B
P308B
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AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD BE BF BG
mp.strength prisms (casting at the age of 1 h):
er mixing in target temperature.
curing at  20°C, 100% RH until the testing age

Comp.
strength
28 day

Comp.
strength
91 day

Vicat beg. 
(setting
starts)

Vicat end 
(setting
ends)

Field
cup-
test

Field
cup-
test

Remarks Penetrability meter, pressure 1 bar

Prism
40x40x160

mm3

Prism
40x40x160

mm3

Aika Aika setting 
starts
(appr.)

setting
ends

(appr.)
Filter size m (measured sizes), ml mass penetrated through a filter, test ended when 1000 ml achieved bmin bcrit

MPa MPa h:min h:min h:min h:min 35 (or 39) 42 52 67 81 97 105 138 152 200 m m
30,1 15:50 22:40 Sample for leaching test
24,7 29,6
16,0 Sample for leaching test
16,4
14,0
15,7 21,4
16,5
13,0 24,4 4:28 >9:00

28 40 55 100 150 310 470 750 1460 58 206
14,4 15:00 26:00 2:38 8:50 Marsh 0.5 h & 1 h: only 1 liter mass left (diminished shear stress), mass run 0.5 l, result calculated to  correspond 1 liter

20 25 40 60 130 210 415 815 1350 54 168
17,9 3:50 >7:07

17 22 40 40 85 90 90 140 200 440 47 542

15,2

16,9
15,7
13,9
15,8
16,1
15,4

Penetrability
meter test, 

results
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Injection grouts of Posiva 2006
Testing at Contesta Oy, Kilterinkuja 2, PL 23, FIN-01601 Vantaa, tel. +358 9 2525 2441, gsm +358 50 387 2441, fax +358 9 2525 2426, www.contesta.

High pH injection grouts Mix recipe

Mixer Desoi AKM-70D 1500W (or 1800 W) or AEG SB2E 750 SuperTorque drill mixer

Fill
(SPL not 

incl.)
Fill

Batch size

Temp.
target

Water
portion of 
total mass Weight total Water

Dry
material

(DM) DM DM DM Cement Cement Cement

GroutAid
(GA)

Date Old name Mix  °C Mixer Object W/DM g total g total g cem % GA % sil/cem type consign. g cons.

9.2.,28.2.06
KAL126-
0351-R-M M 12 Desoi SR cement 1,26 0,5567 4000 2227 1773 85,197 14,803 0,17 SR 25.1.06 1511

1.3.2006
KAL126-
0351-R-O O 12 Desoi SR cement 1,00 0,5000 4300 2150 2150 100 0 0,00 SR 25.1.06 2150

9.2.,28.2.06 SR1 12 Desoi SR cement 1,30 0,5652 4000 2261 1739 80 20 0,25 SR 25.1.06 1391
9.2.,28.2.06 SR2 12 Desoi SR cement 1,30 0,5652 4000 2261 1739 80 20 0,25 SR 25.1.06 1391
1.3.2006 SR3 12 Desoi SR cement 1,30 0,5652 4000 2261 1739 80 20 0,25 SR 25.1.06 1391
1.3.2006 SR4 12 Desoi SR cement 1,30 0,5652 4000 2261 1739 80 20 0,25 SR 25.1.06 1391
1.3.2006 SR5 12 Desoi SR cement 1,10 0,5238 4200 2200 2000 80 20 0,25 SR 25.1.06 1600
1.3.2006 SR6 12 Desoi SR cement 0,90 0,4737 4300 2037 2263 80 20 0,25 SR 25.1.06 1811
30.3.2006 SR6 7 Desoi temperature, SR cement 0,90 0,4737 4300 2037 2263 80 20 0,25 SR 25.1.06 1811
15.2., 28.2.06 ONKnew ON 12 Desoi basic tests 1,30 0,5652 4200 2374 1826 80 20 0,25 UF16 060124 1461
15.2., 28.2.06 5/1 12 Desoi basic tests 1,00 0,5000 4200 2100 2100 80 20 0,25 UF16 060124 1680
15.2., 28.2.06  5/2 12 Desoi basic tests 1,20 0,5455 4200 2291 1909 80 20 0,25 UF16 060124 1527
22.3.2006 5/2 12 Desoi penetrability meter, batch 8 l 1,20 0,5455 11400 6218 5182 80 20 0,25 UF16 060221 4145
15.2., 28.2.06 5/3 12 Desoi basic tests 1,40 0,5833 4000 2333 1667 80 20 0,25 UF16 060124 1333
15.2., 28.2.06 5/5 12 Desoi basic tests 1,00 0,5000 4200 2100 2100 85 15 0,18 UF16 060124 1785
30.3.3006  5/5 7 Desoi temperature 1,00 0,5000 4200 2100 2100 85 15 0,18 UF16 060221 1785
30.3.2006 5/5 12 Desoi penetrability meter, batch 8 l 1,00 0,5000 12000 6000 6000 85 15 0,18 UF16 060221 5100
6.4.2006 5/5 7 Desoi temperature, long mixing 1,00 0,5000 4200 2100 2100 85 15 0,18 UF16 060221 1785
21.9.2006 5/5 12 Desoi other cement consigment 1,00 0,5000 4200 2100 2100 85 15 0,18 UF16 060619 1785 19.9.05
28.9.2006 5/5 12 Desoi rheology 1,00 0,5000 4200 2100 2100 85 15 0,18 UF16 060619 1785 19.9.05
14.3.2006 5/5A 5/11 12 Desoi basic tests 0,80 0,4444 4700 2089 2611 85 15 0,18 UF16 060124 2219
30.3.2006 5/5A 5/11 7 Desoi temperature 0,80 0,4444 4700 2089 2611 85 15 0,18 UF16 060221 2219
14.3.2006 5/5B 5/12 12 Desoi basic tests 0,60 0,3750 5000 1875 3125 85 15 0,18 UF16 060124 2656
30.3.2006 5/5C 5/13 7 Desoi temperature 1,00 0,5000 4200 2100 2100 85 15 0,18 UF16 060221 1785
15.2., 28.2.06 5/6 12 Desoi basic tests 1,20 0,5455 4200 2291 1909 85 15 0,18 UF16 060124 1623
22.3.2006 5/6 12 Desoi penetrability meter, batch 8 l 1,20 0,5455 11400 6218 5182 85 15 0,18 UF16 060221 4405
28.9.2006 5/6 12 Desoi rheology 1,20 0,5455 4200 2291 1909 85 15 0,18 UF16 060619 1623 19.9.05
21.9.2006 5/14 12 Desoi other cement consignment, less SPL 1,20 0,5455 4200 2291 1909 85 15 0,18 UF16 060619 1623 19.9.05
15.2., 28.2.06 5/7 12 Desoi basic tests 1,40 0,5833 4000 2333 1667 85 15 0,18 UF16 060124 1417
15.2., 28.2.06  5/9 12 Desoi basic tests 1,00 0,5000 4200 2100 2100 90 10 0,11 UF16 060124 1890
15.2., 28.2.06 5/10 12 Desoi basic tests 1,20 0,5455 4200 2291 1909 90 10 0,11 UF16 060124 1718
22.3.2006 5/10 12 Desoi penetrability meter, batch 8 l 1,20 0,5455 11400 6218 5182 90 10 0,11 UF16 060221 4664
30.3.2006 U1 7 Desoi temperature 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060221 2667
6.4.2006 U1 12 Desoi basic tests 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060221 2667
6.4.2006 U1 12 Desoi penetrability meter 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060221 2667
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Mixer Desoi AKM-70D 1500W (or 1800 W) or AEG SB2E 750 SuperTorque drill mixer

Fill
(SPL not 

incl.)
Fill

Batch size

Temp.
target

Water
portion of 
total mass Weight total Water

Dry
material

(DM) DM DM DM Cement Cement Cement

GroutAid
(GA)

Date Old name Mix  °C Mixer Object W/DM g total g total g cem % GA % sil/cem type consign. g cons.
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

6.4.2006 U1 7 Desoi temp., long mixing 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060221 2667
2.6.2006 U1 12 AEG field test cement 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060403 2667
2.6.2006 U1 7 AEG temp., field test cement 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060403 2667
2.6.2006 U1 12 AEG pen.meter, field test cement, batch 5 l 0,80 0,4444 7600 3378 4222 100 0 0,00 UF16 060403 4222
9.6.2006 U1 12 AEG field test cement 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060403 2667
9.6.2006 U1 12 AEG field test comparison, other cons. 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060124 2667
9.6.2006 U1 12 AEG field test comparison, other cons. 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060221 2667
9.6.2006 U1 12 Desoi, 1800W field test comp., powerful mixing, batch 5l 0,80 0,4444 7600 3378 4222 100 0 0,00 UF16 060221 4222
21.9.2006 U1 12 Desoi other cement consigment 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060619 2667
28.9.2006 U1 12 Desoi rheology 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060619 2667
30.3.2006 U2 7 Desoi temperature 0,80 0,4444 4800 2133 2667 100 0 0,00 UF16 060221 2667
30.3.2006 U3 7 Desoi temperature 1,00 0,5000 4500 2250 2250 100 0 0,00 UF16 060221 2250
30.3.2006 U4 7 Desoi temperature 1,00 0,5000 4500 2250 2250 100 0 0,00 UF16 060221 2250
30.3.2006 U5 7 Desoi temperature 0,60 0,3750 5200 1950 3250 100 0 0,00 UF16 060221 3250
10.8.2006 R1 12 AEG Rheocem650SR cement 1,00 0,5000 4600 2300 2300 100 0 0,00 R650SR 7/2006 2300
10.8.2006 R4 12 AEG Rheocem650SR cement 1,00 0,5000 4600 2300 2300 100 0 0,00 R650SR 7/2006 2300
10.8.2006 R5 12 AEG Rheocem650SR cement 0,80 0,4444 4600 2044 2556 100 0 0,00 R650SR 7/2006 2556
10.8.2006 R6 12 AEG Rheocem650SR cement 0,80 0,4444 4600 2044 2556 100 0 0,00 R650SR 7/2006 2556
10.8.2006 R7 12 AEG Rheocem650SR cement 1,00 0,5000 4600 2300 2300 95 5 0,05 R650SR 7/2006 2185 10.8.05
10.8.2006 R8 12 AEG Rheocem650SR cement 1,00 0,5000 4600 2300 2300 90 10 0,11 R650SR 7/2006 2070 10.8.05
10.8.2006 R9 12 AEG Rheocem650SR cement 1,00 0,5000 4600 2300 2300 85 15 0,18 R650SR 7/2006 1955 10.8.05
17.8.2006 R9 12 Desoi Rheocem650SR cement 1,00 0,5000 4600 2300 2300 85 15 0,18 R650SR 7/2006 1955 10.8.05
17.8.2006 R10 12 Desoi Rheocem650SR cement 1,00 0,5000 4600 2300 2300 85 15 0,18 R650SR 7/2006 1955 10.8.05
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23
24
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28
29
30
31
32
33
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35
36
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C

006
erinkuja

outs

W (or 18

Mix

M

O
SR1
SR2
SR3
SR4
SR5
SR6
SR6
ON
5/1
 5/2
5/2
5/3
5/5
 5/5
5/5
5/5
5/5
5/5

5/11
5/11
5/12
5/13
5/6
5/6
5/6

5/14
5/7
 5/9
5/10
5/10
U1
U1
U1

S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM

Test properties (measured)

Fill

Mixing at 
room
temp.

* Cooling 
during mixing SPL included: 

Bulk
density

Marsh
fresh

Marsh
0.5h

Marsh
1h

Marsh
1h

Filter
Pump
fresh

Filter
Pump
0.5 h

Filter
Pump

1 h

Bleeding
2h

Shear
strength

6h

Shear
strength

24h

GA dry

GA
slurry Water

Superplastiziser
(SPL) SPL SPL

Batch
volume

Temp.,
water,
beg. of 
mixing

Temp. °C, 
mass, end of 

mixing 1000 ml

1000 ml 1000 ml Of 1000 
ml or 
max
time

Amount
in max 
time

100 or 
*=130

m

100

m

100

m

g g g type % g l °C °C W/DM g s s s ml ml ml ml vol-% kPa kPa

262 525 1964 SP40 2,6 46 2,82 5.2 / 4.2 14.5* / 10.9* 1,26 1384 31,5 32,0 40* fluid <0.15 157

0 0 2150 SetControl II 2,0 43 2,83 4,7 11.3* 1,00 1510 31,0 30,5 10 32,8 0,39 196
348 696 1913 Mighty150 2,7 47 2,86 5.2 / 4.2 13.9* / 11.9* 1,30 1358 31,0 33,0 50* fluid <0.15 69
348 696 1913 Mighty150 3,5 61 2,86 6.4 / 4.2 13.6* / 10.2* 1,30 1361 31,5 32,0 45* fluid <0.15 59
348 696 1913 SP40 2,7 47 2,86 4,7 11.0* 1,30 1363 30,5 34,0 25 3,4 <0.15 85
348 696 1913 SP40 3,5 61 2,86 4,7 10.6* 1,30 1377 31,5 32,5 20 3,2 <0.15 74
400 800 1800 Mighty150 2,0 40 2,88 5,1 11.8* 1,10 1432 35,0 37,5 10 0,5 0,25 196
453 905 1584 Mighty150 2,0 45 2,81 6,1 12.4* 0,90 1492 37,5 41,5 10 0,3 0,47 >245
453 905 1584 Mighty150 2,0 45 2,81 4,7 10.5* 0,90 1514 37,0 43,0 10 0,4 <0.15 157
365 730 2009 SP40 2,8 51 3,00 5.1 / 4.2 14.7* / 11.5* 1,30 1349 37,5 50,0 310* 0,5 1,71 >245
420 840 1680 Mighty150 2,8 59 2,82 4.9 / 4.2 16.0* / 13.2* 1,01 1441 44,0 64,5 310* 0,1 2,63 >245
382 764 1909 Mighty150 2,8 53 2,94 5.1 / 4.2 15.2* / 11.7* 1,20 1370 36,0 46,5 310* 0,4 1,57 >245
1036 2073 5182 Mighty150 2,8 145 7,99 5,0 12.3* 1,20 1392 38,5 48,5 50,0
333 667 2000 Mighty150 2,8 47 2,90 4.6 / 4.2 13.5* / 11.5* 1,40 1299 34,5 38,5 310* 0,5 0,94 >245
315 630 1785 Mighty150 2,8 59 2,80 5.5 / 4.2 15.6* / 11.7* 1,01 1439 34,5 43,5 310* 0,4 1,58 >245
315 630 1785 Mighty150 2,8 59 2,80 4,6 10.5* 1,01 1472 37,0 74,0 310 0,2 0,66 >245
900 1800 5100 Mighty150 2,8 168 8,01 4,5 13.3* 1,01 1477 41,0 50,5 52,0
315 630 1785 Mighty150 2,8 59 2,80 5,9 12.4* 1,01 1463 42,0 52,0 210 0,3 0,81 116
315 630 1785 Mighty150 2,8 59 2,80 13,5 19.8* 1,01 1410 35,0 37,5 305 0,3 0,84 >245
315 630 1785 Mighty150 2,8 59 2,80 13,9 20.3* 1,01 1418 35,0 37,5 38,0 310 0,94 >245
392 783 1697 Mighty150 2,8 73 2,97 4,9 16.1* 0,81 1553 38,0 55,0 305 0,1 5,47 >245
392 783 1697 Mighty150 2,8 73 2,97 4,5 10.8* 0,81 1543 42,5 120,0 780 280 0,1 1,49 >245
469 938 1406 Mighty150 2,8 88 2,92 4,4 15.4* 0,61 1649 44,5 104,5 265 0,1 11,70 >245
315 630 1785 Mighty150 2,0 42 2,80 4,7 10.9* 1,00 1465 42,0 125,0 305 0,2 1,47 >245
286 573 2005 Mighty150 2,8 53 2,93 5.4 / 4.2 14.7* / 11.6* 1,20 1357 34,0 38,5 315* 0,7 0,90 >245
777 1555 5441 Mighty150 2,8 145 7,96 4,9 12.7* 1,20 1374 35,5 40,5 41,5
286 573 2005 Mighty150 2,8 53 2,93 13,9 19.4* 1,20 1350 33,5 34,5 34,0 320 0,44 >245
286 573 2005 Mighty150 2,0 38 2,93 13,4 19.2* 1,20 1312 36,5 40,0 300 0,4 0,78 >245
250 500 2083 Mighty150 2,8 47 2,89 5.2 / 4.2 12.1* / 10.7* 1,40 1334 32,5 35,5 300* 1,7 0,35 >245
210 420 1890 Mighty150 2,8 59 2,79 5.5 / 4.2 13.7* / 11.7* 1,01 1452 33,0 38,5 310* 0,6 0,60 >245
191 382 2100 Mighty150 2,8 53 2,92 5.3 / 4.2 12.6* / 10.9* 1,20 1395 31,0 34,0 310* 1,7 0,20 >245
518 1036 5700 Mighty150 2,8 145 7,93 4,9 11.7* 1,20 1382 33,0 36,5 36,5
0 0 2133 Mighty150 2,0 53 2,98 4,6 9.8* 0,81 1563 33,0 41,5 310 0,9 0,24 >245
0 0 2133 Mighty150 2,0 53 2,98 4,6 12.3* 0,81 1560 33,5 38,0 320 1,4 1,47 >245
0 0 2133 Mighty150 2,0 53 2,98 4,0 11.7* 0,81
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C

W (or 18

Mix
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

U1
U1
U1
U1
U1
U1
U1
U1
U1
U1
U2
U3
U4
U5
R1
R4
R5
R6
R7
R8
R9
R9

R10

S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM

Fill

Mixing at 
room
temp.

* Cooling 
during mixing SPL included: 

Bulk
density

Marsh
fresh

Marsh
0.5h

Marsh
1h

Marsh
1h

Filter
Pump
fresh

Filter
Pump
0.5 h

Filter
Pump

1 h

Bleeding
2h

Shear
strength

6h

Shear
strength

24h

GA dry

GA
slurry Water

Superplastiziser
(SPL) SPL SPL

Batch
volume

Temp.,
water,
beg. of 
mixing

Temp. °C, 
mass, end of 

mixing 1000 ml

1000 ml 1000 ml Of 1000 
ml or 
max
time

Amount
in max 
time

100 or 
*=130

m

100

m

100

m

g g g type % g l °C °C W/DM g s s s ml ml ml ml vol-% kPa kPa
0 0 2133 Mighty150 2,0 53 2,98 4,6 12.1* 0,81 1507 36,5 40,0 310 0,9 0,37 >245
0 0 2133 Mighty150 2,0 53 2,98 8,9 13.2* 0,81 1568 35,0 45,0 50 30 40 1,5 1,61
0 0 2133 Mighty150 2,0 53 2,98 8,8 12.4* 0,81 1566 35,0 48,5 70 40 40 1,2 0,16
0 0 3378 Mighty150 2,0 84 4,72 8,1 12.2* 0,81
0 0 2133 Mighty150 2,0 53 2,98 9,2 13.5* 0,81 1560 35,0 46,0 60 40 40 1,52
0 0 2133 Mighty150 2,0 53 2,98 9,3 13.6* 0,81 1570 35,5 42,5 90 60 65 0,64
0 0 2133 Mighty150 2,0 53 2,98 9,3 13.2* 0,81 1578 34,0 39,0 180 90 70 0,18
0 0 3378 Mighty150 2,0 84 4,72 9,3 34.0* 0,81 1590 31,0 31,5 310 310 310
0 0 2133 Mighty150 2,0 53 2,98 13,0 19.2* 0,81 1472 31,5 35,5 210 2,5 0,58 >245
0 0 2133 Mighty150 2,0 53 2,98 13,9 20.4* 0,81 1530 35,0 42,0 45,0 170 3,89 >245
0 0 2133 Mighty150 2,8 75 2,98 4,7 9.7* 0,81 1578 33,5 38,0 310 0,4 0,20 >245
0 0 2250 Mighty150 2,0 45 2,96 4,8 9.2* 1,00 1487 32,5 35,5 290 2,4 0,16 >245
0 0 2250 Mighty150 2,8 63 2,96 4,6 9.2* 1,01 1489 31,5 35,5 310 2,2 <0.15 157
0 0 1950 Mighty150 2,8 91 2,98 4,5 10.9* 0,61 1696 38,0 75,0 310 0,0 1,47 >245
0 0 2300 Rheobuild2000PF 1,0 23 3,03 14,4 17.8* 1,00 1511 32,0 67,0 315 7,8 <0.15 >245
0 0 2300 Mighty150 1,0 23 3,03 14,8 17.3* 1,00 1504 31,5 33,5 300 6,5 <0.15 >245
0 0 2044 Mighty150 2,0 51 2,86 14,6 17.7* 0,81 1588 32,5 33,0 210 fluid <0.15 >245
0 0 2044 Mighty150 1,0 26 2,86 14,6 17.9* 0,80 1621 34,0 38,5 175 4,1 <0.15 >245

115 230 2185 Mighty150 1,0 23 3,04 14,0 17.1* 1,00 1466 32,5 36,5 160 3,6 <0.15 >245
230 460 2070 Mighty150 2,0 46 3,06 13,7 16.8* 1,00 1478 31,5 35,0 200 3,8 <0.15 >245
345 690 1955 Mighty150 2,0 46 3,07 14,0 17.0* 1,00 1456 33,5 38,0 160 1,3 <0.15 >245
345 690 1955 Mighty150 2,0 46 3,07 13,4 20.2* 1,00 1478 32,5 36,5 310 0,7 0,25 >245
345 690 1955 Mighty150 1,0 23 3,07 13,3 21.7* 1,00 1471 41,5 55,5 300 0,4 1,27 >245
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5
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8

9

10
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

C

006
erinkuja

outs

W (or 18

Mix

M

O
SR1
SR2
SR3
SR4
SR5
SR6
SR6
ON
5/1
 5/2
5/2
5/3
5/5
 5/5
5/5
5/5
5/5
5/5

5/11
5/11
5/12
5/13
5/6
5/6
5/6

5/14
5/7
 5/9
5/10
5/10
U1
U1
U1

AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD BE BF BG

Curing of comp.strength prisms (casting at the age of 1 h):
First 24h after mixing in target temperature.
After 1 day curing at  20°C, 100% RH until the testing age

Comp.
strength

1 day

Comp.
strength
28 day

Comp.
strength
91 day

Vicat beg. 
(setting
starts)

Vicat end 
(setting
ends)

Field
cup-
test

Field
cup-
test

Remarks Penetrability meter, pressure 1 bar

Prism
40x40x160

mm3

Prism
40x40x160

mm3

Prism
40x40x160

mm3

Time Time setting 
starts
(appr.)

setting
ends

(appr.)
Filter size m (measured sizes), ml mass penetrated through a filter, test ended when 1000 ml achieved bmin bcrit

MPa MPa MPa h:min h:min h:min h:min 35 (or 39) 42 52 67 81 97 105 138 152 200 m m

0,42 13,6

0,99 13,4
0,26 12,6
0,22 11,7
0,40 14,1
0,36 13,3
0,62 18,0
1,17 27,0 31,2
0,52 27,9 >4:20
1,90 13,8 10:30 22:00
2,46 24,0 10:00 21:30
1,34 16,3 10:30 14:00

50 125 225 450 600 1000 47 118
0,76 11,1
2,37 22,6 27,1
1,00 22,2 12,2 5:51 >8:40 strength decreased at 91d; cracking?, curing ok

30 60 110 225 300 590 1010 54 148
0,48 23,5 5:00 >6:22
1,88 19,4

5,52 35,0
2,10 34,3 3:52 >8:22

11,69 48,0
1,20 22,1 4:54 >7:45
1,16 13,2 12:30 18:00

12:30 19:00 60 175 275 480 740 1250 43 113

1,07 12,2
0,71 9,1
2,04 19,1
0,95 10,6

100 225 375 675 1000 1730 39 100
1,19 24,0 18,8 >5:58 strength decreased at 91d; cracking?, curing ok
2,83 22,9 20,3 5:15 >8:32 strength decreased at 91d; cracking?, curing ok.

95 200 340 515 910 1180 31 94

Penetrability
meter test, 

results
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C

W (or 18

Mix
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

U1
U1
U1
U1
U1
U1
U1
U1
U1
U1
U2
U3
U4
U5
R1
R4
R5
R6
R7
R8
R9
R9

R10

AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD BE BF BG
Comp.

strength
1 day

Comp.
strength
28 day

Comp.
strength
91 day

Vicat beg. 
(setting
starts)

Vicat end 
(setting
ends)

Field
cup-
test

Field
cup-
test

Remarks Penetrability meter, pressure 1 bar

Prism
40x40x160

mm3

Prism
40x40x160

mm3

Prism
40x40x160

mm3

Time Time setting 
starts
(appr.)

setting
ends

(appr.)
Filter size m (measured sizes), ml mass penetrated through a filter, test ended when 1000 ml achieved bmin bcrit

MPa MPa MPa h:min h:min h:min h:min 35 (or 39) 42 52 67 81 97 105 138 152 200 m m

Penetrability
meter test, 

results

1,47 23,0 6:44

8 10 15 18 20 25 40 40 50 60 15 3094

2,43 15,3

0,84 21,5 >5:39
0,55 14,5 >5:24
0,40 13,4 22:30 26:30 >5:03
3,90 40,2 3:20 >6:11
1,50 28,0
1,10 22,4
0,78 40,7
1,82 31,8
0,91 16,8
0,73 16,8
1,35 17,9
1,66 19,7 6:54 >7:36
1,86 20,5 4:45 >8:00
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Rock bolt mortars of Posiva 2006
Testing at Contesta Oy, Kilterinkuja 2, PL 23, FIN-01601 Vantaa, tel. +358 9 2525 2441, gsm +358 50 387 2441, fax +358 9 2525 2 426, www.contesta.

High and low pH rock bolt mortars Mix recipe

Mixer Hobart 3 l or 15 l

Fill         (SPL 
not incl.)

Fill
Batch size Fill Binder Binder Binder

Mixing time
Water portion of 

total mass Weight total Aggregate/ Aggregate Water

Dry
material

(DM) DM DM DM Cement Cement Cement
Date Mix Object Mixe r min W/DM g paste-ratio total g total g total g cem % GA % sil/cem type consign. g

1.3.2006 J3
low pH, 
preliminary test Hobart 15 l 15 0,90 0,4741 8240 0 0 3907 4333 50 50 1,00 SR 15.11.05 2167

21.9.2006 J9
low pH, 
preliminary test Hobart 3 l 5 0,79 0,4414 4738,9 0 0 2091,9 2647 59,27 40,73 0,69 SR 25.1.06 1569

11.5.2006 J1

low pH, with
aggregate,
preliminary test Hobart 15 l 10 0,80 0,4454 8312 1 4610 3702 4610 59,27 40,73 0,69 SR 15.11.05 2732

11.5.2006 J2

low pH, with
aggregate,
preliminary test Hobart 15 l 5 1,04 0,5092 5057,5 4 9929 2575 2482 59,27 40,73 0,69 SR 15.11.05 1471

21.9.2006 J10

low pH, with
aggregate,
preliminary test Hobart 3 l 5 0,93 0,4822 2896,9 2 3000 1396,9 1500 59,27 40,73 0,69 SR 25.1.06 889

1.3.2006 J6
high pH, 
preliminary test Hobart 15 l 4 0,50 0,3333 8000 0 0 2667 5333 100 0 0,00 SR 15.11.05 5333

21.9.2006 J7
high pH, 
preliminary test Hobart 3 l 4 0,30 0,2308 6000 0 0 1385 4615 100 0 0,00 SR 25.1.06 4615

11.5.2006 J4

high pH, with 
aggregate,
preliminary test Hobart 15 l 5 0,33 0,2498 6145 1 4610 1535 4610 100 0 0,00 SR 15.11.05 4610

21.9.2006 J8

high pH, with
aggregate,
preliminary test Hobart 3 l 8 0,45 0,3114 3016,1 2 4154 939,1 2077 100 0 0,00 SR 25.1.06 2077
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B C
tars of Posiva 2006
ntesta Oy, Kilterinkuja 2, PL 

ow pH rock bolt mort

3 l or 15 l

Mix Object

J3
low pH, 
preliminary test

J9
low pH, 
preliminary test

J1

low pH, with
aggregate,
preliminary test

J2

low pH, with
aggregate,
preliminary test

J10

low pH, with
aggregate,
preliminary test

J6
high pH, 
preliminary test

J7
high pH, 
preliminary test

J4

high pH, with 
aggregate,
preliminary test

J8

high pH, with
aggregate,
preliminary test

S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK

Test properties (measured)

Fill

Bulk
density
5 min

Air
content
5 min

Bulk
density
40 min

Air
content
40 min

GroutAid
(GA) GA dry

GA
slurry Water

Aggregate
0.1/0.6 mm

Aggregate
0.5/1.2 mm

Aggregate
0.1/0.6 mm

Aggregate
0.5/1.2 mm

Super-
plastiziser

(SPL) SPL SPL
Batch

volume
Temp.
target

Temp.,
water, beg. 
of mixing

Temp. °C, 
mass, end 
of mixing

cons. g g g % % g g type % g l °C °C °C g/l vol-% g/l til-%

2167 4333 1740 5,55 20

1078 19.9.05 2156 1014 3,06 20 13,7

1877 19.9.05 3755 1825 66,67 33,33 3073 1536 7,12 20 1793 2,0 1807 2,2

1011 19.9.05 2022 1564 66,67 33,33 6620 3309 7,20 20 1972 4,8 1992 4,5

611 19.9.05 1222 786 66,67 33,33 2000 1000 3,07 20 15,1

0 0 2667 4,36 12 12,6

0 0 1385 2,85 20 20,0

0 0 1535 66,67 33,33 3073 1536 4,73 20 2214 3,7 2223 3,3

0 0 939 66,67 33,33 2769 1385 3,15 20 14,4 20,8
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B C
tars of Posiva 2006
ntesta Oy, Kilterinkuja 2, PL 

ow pH rock bolt mort

3 l or 15 l

Mix Object

J3
low pH, 
preliminary test

J9
low pH, 
preliminary test

J1

low pH, with
aggregate,
preliminary test

J2

low pH, with
aggregate,
preliminary test

J10

low pH, with
aggregate,
preliminary test

J6
high pH, 
preliminary test

J7
high pH, 
preliminary test

J4

high pH, with 
aggregate,
preliminary test

J8

high pH, with
aggregate,
preliminary test

AL AM AN AO AP AQ AR AS AT AU

Curing of comp.strength prisms:
First 24h after mixing in target temperature.

After 1 day curing at  20°C, 100% RH until the testing age

Comp.
strength

1 day

Comp.
strength    7 

day

Comp.
strength
28 day

Comp.
strength
28 day

Comp.
strength
91 day

Remarks

5 min 20 min 40 min 70 min Prism 
40x40x160

mm3

Prism
40x40x160m

m3

Prism
40x40x160

mm3

Cube
150x150x1
50 mm3

Cube
150x150x1
50 mm3

av. mm av. mm av. mm av. mm MPa MPa MPa MPa MPa

143 0,63 28,8 23,5

148 2,54 20,3 33,8

141 131 132 129 3,41 22,3 42,0

145 141 136 1,50 11,0 23,9

162 1,79 13,9 26,3

271 without impacts 1,53 36,5

178 35,2 73,3 88,3

175 159 159 152 26,1 56,9 71,3

181 14,6 40,0 50,2

Consistency, Haegerman
15 impacts
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Injection grouts of Posiva 200 6
Testing at Contesta Oy, Kilterinkuja 2, PL 23, FIN-01601 Vantaa, tel. +358 9 2525 2441, gsm +358 50 387 2441, fax +358 9 2525 2 426, www.contesta.

Low pH injection grouts, glass mixes Mix recipe

Mixer Desoi AKM-70D 1500W

Fill         (SPL 
not included)

Approximate to 
desired batch 

size

Water portion of 
total mass Weight total Water

Dry material 
(DM) DM DM DM DM DM Cement Cement Cement

Date Old name Mix Object W/DM g total g total g cem % glass % GA % glass/cem sil/cem type consign. g
22.3.2006 L47 L1 preliminary test 1,00 0,5000 4300 2150 2150 53 47 0,89 0,00 UF16 060124 1140

22.3.2006 L49 L4 ground SR cement 1,00 0,5000 4300 2150 2150 51 49 0,96 0,00
SR ground at 

CT-laastit 1097
22.3.2006 L50 L3 preliminary test 1,00 0,5000 4300 2150 2150 50 50 1,00 0,00 UF16 060124 1075
22.3.2006 L51 L2 preliminary test 1,00 0,5000 4300 2150 2150 49 51 1,04 0,00 UF16 060124 1054
6.4.2006 L2A L5 with GroutAid 0,90 0,4737 4300 2037 2263 46,55 48,45 5 1,04 0,11 UF16 060124 1054
6.4.2006 L2B, L10 L6 with GroutAid 1,00 0,5000 4300 2150 2150 44,1 45,9 10 1,04 0,23 UF16 060124 948
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C

6
nkuja 2 ,

ts, gla

Mix
L1

L4
L3
L2
L5
L6

R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL

Curing of com
First 24h afte
After 1 day cu

Test properties (measured)

Fill
Mixing at 

room temp.
* Cooling during 

mixing

SPL included: 
water 60%,

DM 40%

Bulk
density

Marsh
fresh

Marsh
1h

Filter
Pump
fresh

Bleeding
2h

Shear
strength

6h

Shear
strength

24h

Comp.
strength    1 

day

Glass GA
GA
dry

GA
slurry Water

Super-
plastiziser

(SPL) SPL SPL
Batch

volume
Temp.
target

Temp., water, 
beg. of mixing

Temp. °C, 
mass, end of 

mixing 1000 ml

1000 ml Of 1000 
ml or 
max

100 m Prism
40x40x160

mm3

g consign. g g g type % g l  °C  °C  °C W/DM g s s ml vol-% kPa kPa MPa
1011 2150 0 0 2,96 12 5,7 11.1* 1,00 1342 34,5 38,5 240 2,4 0,34 >245 0,51

1054 2150 0 0 2,96 12 5,2 11.9* 1,00 1440 33,5 36,5 310 7,4 <0.15 >245 0,90
1075 2150 0 0 2,96 12 4,1 11.3* 1,00 1339 34,5 38,0 310 6,1 0,25 240 0,51
1097 2150 0 0 2,97 12 4,7 10.4* 1,00 1325 34,5 36,5 305 1,9 0,31 >245 0,51
1097 19.9.05 113 226 1924 0 0 2,90 12 5,4 11.6* 0,90 1431 47,0 67,5 310 0,8 1,61 >245 0,76
987 19.9.05 215 430 1935 0 0 2,98 12 4,4 11.8* 1,00 1426 72,0 128,0 305 0,3 1,61 >245 0,58
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Mix
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AM AN AO AP AQ AR AS AT AU AV

mp.strength prisms (casting at the age of 1 h):
r mixing in target temperature.
uring at  20°C, 100% RH until the testing age

Comp.
strength 28 

day

Comp.
strength 91 

day

Vicat beg. 
(setting
starts)

Vicat end 
(setting
ends)

Field
cup-
test

Field
cup-test

Remarks

Prism
40x40x160

mm3

Prism
40x40x160

mm3

Time Time setting 
starts
(appr.)

setting
ends

(appr.)

MPa MPa h:min h:min h:min h:min
8,0

10,5
9,5
8,0

14,0 4:56 >8:13
13,6 4:16 >7:33 Marsh 1h calculated to 1000 ml of smaller amoun t
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NES TESTING AT CEMENTA JUNE 2006 

NES apparatus can be used for analysing penetration ability of micro cements. Cementa use method 

for quality assurance for microcement production. Sieves available are 100 µm, 75 µm and 60 µm. 

Recipes which are planned to be use or tested at ONKALO was analysed with NES equipment 15
th

 of 

June 2006. In the test the cement batch and cement type were varied for recipes with range of Grout 

Aid content. 

The ain of the test were to get more information about penetration ability in order to compare the 

results with filter pump and penetrability meter. The test gave also good opportunity to see the possible 

differences within the different cement batch. The results also give guidance for future development 

plans of grouting material into the ONKALO.  

1 RECIPES FOR TESTING MATERIALS AT CEMENTA 

1. P308B UF16 cement offered by Cementa (batch 200306) 

2. P308B UF16 cement from Olkiluoto (batch 030406) 

3. U1 UF16 cement offered by Cementa (batch200306) 

4. U1 UF16 cement from Olkiluoto (batch 030406) 

5. 5/5 UF16 cement offered by Cementa (batch 200306) 

6. 5/5 UF16 cement from Olkiluoto (batch 030406) 

7. P308B Inj 30 cement offered by Cementa (batch ?) 

8. U1 Inj 30 cement offered by Cementa (batch ?) 

9. 5/5 Inj 30 cement offered by Cementa (batch ?) 

10. P308B UF16 cement offered by Cementa and HPM SPL 

11. U1 UF16 cement offered by Cementa and HPM SPL 

2 DESCRIPTION OF TEST METHOD 

Test method NES was carry out with 75 µm aperture and for comparison 

the filter pump test was done with 100 µm filter. In the NES test 1 litre of 

grout mix is pumped through an artificial smooth fracture at a constant 

pressure. The amount of mass that comes through the fracture and the 

elapsed time are recorded. The picture of the equipment is Picture 1 and the 

slot is in the Picture 2. 

2.1 Description of test procedure 

The work procedure was following. First the batch, which size was app. 2 l, 

was mixed. The filter pump test was done immediately after mixing. 

Appendix 3: NES test results 99
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Thereafter grout was drained through the NES equipment after 10 minutes 

of waiting time. Part of the grouts was stored 1 hour in order to retest the 

filter pump. Few cups were cast and stored in refrigerator to observe the 

setting behaviour.

2.2  Description of mixing the samples 

The mixing procedure was done in following way (the test identifiers are 

explained in Table 1): 

1)Mixes AU1, BU1, DU1

Premixing water + cement  to the mixer  mixing starts  straight after 

addition of SPL and mixing speed 24 000 rpm  mixing ready after 4 

minutes. 

2)Mixes A5/5, B5/5, D5/5
Premixing water + cement  to the moxer  mixing water + cement 2 min 

adding first GroutAid and thereafter SPL and further mixing 3 min 

mixing ready at totally 5 minutes 

3)Mixes AP308B, BP308B and D308B

Premixing water + cement  to the mixer  mixing water and cement 2 

min  adding first GroutAid and thereafter SPL and further mixing 3 min 

 mixing ready at totally 5 minutes. Mixing is not that efficient after 

adding the GroutAid in to the mixer 

4) Mix CU1
Premixing water + SPL + cement  to the mixer and mixing 2 minutes. 

Mix don’t warm up as much BU1 or AU1 

5) Mix CP308B

Premixing water + SPL + cement  to the mixer  mixing 2 min 

adding GroutAid and further mixing 3 minutes  mixing ready at totally 5 

minutes. Mix doesn’t get warm even adding the GroutAid. Mixing 

procedure is not very efficient. 

Premixing was done in kitchen bowl with eggbeater. The mixer was 

UltraTurrax T25, which is mend max for two litres batches. Picture of the 

mixer is in Picture 3. 

3 RESULTS 

The test results are presented in Table 1. The previous NES tests were done 

in November 2005, and P308B recipe was tested then. Result was 20 s was 

draining through 1109 g mix (with Marsh value 37 seconds). This time the 
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results were 2-4 s better with different batches. One recipe quite similar to 

the AU1 and BU1 was tested then. The only difference was that instead of 

Mighty150 the recipe consisted SetControlII SPL and water to dry material 

ratio was higher (W/DM 1). This recipe worked really well. It seems that 

decrease of 0,2 unit in W/DM decrease dramatically the NES result even 

with penetrability meter (earlier tests done by Contesta) that type of 

worsening of mix has not been observed.  

The NES results seem to be reliable and results gives information about the 

penetrability as expected. The differences between the UF16 batches are 

neglible, but one important observation is that filter cake was formed for all 

UF16+SPL recipes. It could be a sign about a fact that grout aid improves 

the penetration ability or makes the cement slurry more lubricant. The 

results indicate that the filter pump did not work properly. Some differences 

should have been seen between the results but for all fresh mixes the full 

vessel of cement was created. Without agitating the mix after 1 hour the 

clear filter cake was formed immediately, and penetration of all materials 

were near 0. Only for coarser cement (Injektering 30) the mixes did not 

formed filter cake after one hour. 

3.1 Uncertainties in results 

The mixing method and equipment seems to have influence to the results. It 

is not easy to make estimations about the microcement behaviour in the 

field based on the results from these results. This method gives indication 

that GroutAid containing recipe (which has also higher content of water) 

seems to work better than recipe with low W/DM. Still the same recipe  has 

shown bmin 33 and bcrit 87 values (done with penetrability meter) with 

UF16 batch 060221, shows now with UF16 batch 060403 41 s and with 

UF16 batch 060331 58 s values for NES 75 µm test. So the low W/DM 

should not be alone the answer for weak results.

Almost similar recipe as A5/5 and B5/5 were tested earlier with name 

ONK1 (NES 75 µm 19 s and 1244 ml) only the SPL amount and Grout Aid 

amount was a little lower.  
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Table 1 

Kuiva-
aineista

Kuiva-
aineista Sementti Sementti GA kuiva GA liete Vesi Notkistin Notkistin Notkistin Annos

Testi Sem % GA % sil/cem tyyppi määrä g määrä g määrä g määrä g tyyppi määrä % määrä g tilavuus l W/DM

AU1 100,00 0,00 0,00 UF16 20.3. 1666,88 0,00 0,00 1333,13 Mighty 150 2,00 33,34 1,86 0,81

A5/5 85,00 15,00 0,18 UF16 20.3. 1115,63 196,88 393,75 1115,63 Mighty 150 2,80 36,75 1,75 1,01

AP308B 59,27 40,73 0,69 UF16 20.3. 691,48 475,18 950,37 1158,15 Mighty 150 4,00 46,67 2,06 1,40

BU1 100,00 0,00 0,00 UF16 OL fail 1666,88 0,00 0,00 1333,13 Mighty 150 2,00 33,34 1,86 0,81

B5/5 85,00 15,00 0,18 UF16 OL fail 1115,63 196,88 393,75 1115,63 Mighty 150 2,80 36,75 1,75 1,01

BP308B 59,27 40,73 0,69 UF16 OL fail 691,48 475,18 950,37 1158,15 Mighty 150 4,00 46,67 2,06 1,40

CU1 100,00 0,00 0,00 UF16 1667,00 0,00 0,00 1333,13 HPM 2,00 33,00 1,86 0,81

CP308B 59,27 40,73 0,69 UF16 691,48 475,18 950,37 1158,15 HPM 4,00 46,67 2,06 1,40

DU1 100,00 0,00 0,00 INJ 30 1666,88 0,00 0,00 1333,13 Mighty 150 2,00 33,34 1,86 0,81

D5/5 85,00 15,00 0,18 INJ 30 1116,00 197,00 394,00 1116,00 Mighty 150 2,80 37,00 1,75 1,01

DP308B 59,27 40,73 0,69 INJ 30 691,48 475,18 950,37 1158,15 Mighty 150 4,00 46,67 2,06 1,40
NES    tuore 

75 µm 
NES
tuore

calculated

NES    tuore NES cake fresh Filterpump 
100 µm 

Filterpump 
100 µm 

Fall cone  Others 

          

1000 ml
Massa
ennen

Massa
läpimennyt, 
laitteen vaaka
punnitsee Observation Fresh 1 h age               

Testi Aika s g g  Description ml ml               

AU1 58   1065 12 mm cake 310 cake  4,5 h <0,15 kPa 10 C           

A5/5 17   1214 no cake 300   4,5 h <0,15 kPa 10 C           

AP308B 16   1122 no cake 310   4 h <0,15 kPa 10 C           

BU1 41 1000 6 mm cake 310 10 ml + cake           

B5/5 27 891 no cake 300           

BP308B 18 1131 no cake 310 30 ml + cake           

CU1 29   1115 6 mm  290   2 h <0,15 kPa 20 C           

CP308B 18   1034 no cake 300   2 h 0,25 kPa 20 C           

DU1 19   1398 no cake 310 300               

D5/5 16   1255 no cake 310     
gets warm during 
mixing           

DP308B 19   1144 no cake 310                 

1
0
2
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Picture 1. NES apparatus 

Picture 2. The slot in the NES apparatus 
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Picture 3. The Ultra Turrax mixer 
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