
Sealing the zone between soil and rock

to stop water and quick clay

Helen Andersson



Introduction on polyurethane grout
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Environmental aspects for polyurethane
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▪ Environmental risk assessment – 

Romeriksporten, Oslo

▪ use of all chemical grouts was 

stopped due to the Rhocagil scandal

▪ very high requirements were set on 

health and environmental aspects

▪ investigation and information seeking 

led to trial grouting rounds with PU

▪ water measurement program and 

calculations controlled the pollution



Environmental aspects for polyurethane 
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▪ Environmental risk assessment – 

typical methodology

▪ initially low detailing combined 

with very high safety factor

▪ risk characterisation may require 

collection of additional data

▪ larger information base allows a 

lower safety factor to be used

▪ unwanted risk is handled and 

pollution is controlled

1. Collection of
    information

2. Evaluation 
     of hazard

3. Evaluation 
     of exposure

4. Characteri- 
     sation of risk

5. Handling  
     of risks

6. Measurements
     for  control

No

Yes

Enough 
info?



Limit damages due to deep excavations
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▪ BegrensSkade II (REMEDY)

▪ how to conduct deep excavations 

in a safe manner for the surroundings

▪ Byggegropveiledningen 600++ p., 2019

▪ Pore pressure reduction 

▪ drilling for tiebacks and/or piles, 

through casing or along drill string

▪ holes in sheet pile and/or interlocks

▪ gaps between bedrock and toe

▪ joints and fissures in bedrock



13.09.2023 NGS 2023 6

Limit damages due to deep excavations

▪ Grouting to seal a sheet pile wall
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Limit damages due to deep excavations

▪ Grouting to seal a sheet pile wall
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Limit damages due to deep excavations

▪ Grouting to seal gaps below a sheet pile wall

▪ illustration Havnelageret, Oslo, 

gaps between toe and bedrock

▪ false stops of sheet pile in hard 

permeable moraine with blocks

▪ in some places more than 10 m 

between sheet pile and bedrock

▪ large water leakage into the 

building pit despite jetgrouting
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Sealing against water ingress

▪ Havnelageret, Oslo

▪ primitive but effective sealing 

with PU of holes for tiebacks in 

and interlocks the sheet pile

▪ drilled to more than 30 m depth 

with TITAN 40/20 hollow bar and 

performed combination grouting

▪ Combi Grouting is a downstage 

grouting method where PU is 

added to the cement grouting



Sealing against water ingress
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Akseptabel inlekkning 

etter ferdigstilt bunnplate

Inlekkende 

mengde 

[m
3
/time]

Tetting av staggjennom- 

føringer og spuntlåser 

under utgraving

Boring med TITAN og 

injisering med cement 

og TACSS pluss noe 

spunttetting

Boring med TITAN og 

injisering med cement og 

TACSS 

Problemer med spunt-

hjørne vid Havnelagret,  

injeksjon med TACSS 

gjennom TITAN-stag og 

ekstra spunt m.m.

Dato

Mye lekkasjer mot E18, 

injeksjon med TACSS 

gjennom TITAN-stag 

pluss spunttetting

▪ Havnelageret, Oslo

▪ polyurethane grouting to 

seal holes for tiebacks and 

interlocks in the sheet pile

▪ combination grouting with 

polyurethane and cement 

to seal below sheetpile toe

▪ water leakage ~400 m3/h 

to ~50 m3/h (excavating), 

~100 m3/h ok with slab

Water 

leakage

[m3/h]

through TITAN-bars,

of wall at Havnelageret, 

grouting with TACSS PU 

extra sheet pile

Problems at corner 

and grouting with cement

Drilling with TITAN

and TACSS plus some
sheet pile sealing

Large leakages at E18,
grouting with TACSS PU 

through TITAN-bars plus
sheet pile sealing

during excavation

Sealing of holes for

anchors and interlocks 

and TACSS PU

Drilling with TITAN 
and grouting with cement

Acceptable leakage 

after casting of slab

Date 



Sealing against water ingress
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Combi grouting 
of leakage areas

Steel sheet 
pile wall

Immersed 
tunnel

▪ Havnelageret, Oslo



13.09.2023 NGS 2023 12

Sealing to prevent quick clay

▪ polyurethane grouting have   

been used a couple of times       

to prevent quick clay

▪ a large deviation discovered 

when installing the sheet pile, 

bedrock at 7 m and 15 m depth

▪ planning of the grout efforts was 

made unnecessarily difficult by 

the 3D-model

▪ Fornebubanen K4, Oslo

Possible bedrock shape(s)

Anchor 
rows

Bolts

Bolts
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Sealing to prevent quick clay
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▪ Fornebubanen K4, Oslo

▪ grouting with polyurethane 

to prevent inflow of quick 

clay during excavation

▪ placement of grout holes 

for two grouting rounds, 

i.e. split spacing

▪ decisions also made from 

observations from drilling 

of the hollow bars 



Sealing to prevent quick clay
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▪ Fornebubanen K4, Oslo

▪ drilling with water flushing 

through the upper 5,5 m 

stone fill to save PU

▪ drilling to, or through, the 

rock “shelf” to investigate, 

retracting before grouting

▪ important to seal also the 

possible inflow of quick 

clay at 9 m full height

Quick clay

Stone fill 
~ 5,5 m

Quick clay
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Limit damages due to deep excavations
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▪ In summary

▪ BegrensSkade 

identified different 

causes of damage

▪ polyurethane can 

handle the sources   

of settlements, but 

beware of silt

▪ environmental risk 

evaluation may be 

required, or not



Thanks for listening!

Helen Andersson
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