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Re'use Of fou nd ations by Use of PU ground injections:
increasi ng the = Mechanical ground improvement

bearing capacity * Foundations impacied by

- Hydraulic erosion

of the foundation soil 3 pming snors

= Also applicable for load increase

Introduction

Elmar Buhl, URETEK - Building re-use
José Caicedo, URETEK -> Addition of new stories
’ URETEK Deeplnjection ®
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Material Methods

Material properties - PU Ground injections in three steps:

=
= Expansive pressures Expansive pressure as function of material density - 1. Drilling holes (¢ 16 mm)

up to 1000 kPa or kN/m? g mooo
> 10.000
. . ; 9.000 i . .. . . .
= Chemically resistant 8 s - 2. Inserting injection pipes to desired depth
5 s *
2 7000 ; -
= Elastic footing is retained § 6000 /
S s000 / 3. Iniecti
/ . Injection
= Design life at least 50 years 4900 4 - R S
g v 3,000 &/ -> Resins are mixed in the injection pistol
2,000 o - Polymerization reaction starts
1000 = - Ground improvement by expansive force
o
0 1 2 3 4 s 6 7 8 9 10 N
Density [kN/m?]
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Methods

1. VERTICAL FRACTURES

V-

Oy <9z

Mechanics of resin injections:

= Network of resin lamellas is formed

= Hydrostatic stress state is built in the ground Horizontalstress < vertca stress

2. HORIZONTAL FRACTURES

= Improved:

— Cohesion
- Angle of internal friction
- Young's modulus in non-cohesive soils

Oy =%z

Nomnmal stress = vertical stress

= Lifting of the foundation occurs when o, = o,
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Case Study 1: g
Improving Bearing Capacity of a Strip Foundation

Planning:

= |nspection engineer doubtful of the method

= Test injections along 4 m strip foundation
- 0.8 m and 1.8 m beneath basement floor

= Static load test demonstrated effectiveness

 Hydraulic cylinder -, |

= Contact stress of 464 kN/m? can safely be
accommodated

Foundation Foundation

Improved soil
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Case Study 1:
Improving Bearing Capacity of a Strip Foundation

The task:

= Residential building in Hamburg, Germany
= Fourth story planned on top of the building
= Contact stress of strip foundations will increase

= Built on anthropogenic fillings (WW 2) underlain
by stiff silty sand

= Bearing capacity of foundations exceeded
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Case Study 1:
Improving Bearing Capacity of a Strip Foundation

The solution: Wl = =

= Approval of the inspection engineer was

granted / \\ / y

= Ground was reinforced along 20.8 m of five
strip foundations

= 874 kg of PU-Resins were used

= Additional floor level was placed successfully %

25
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Case Study 2: g
Increasing the Skin Friction of a Foundation Pile

The task:

= Carpark built 2013 in Munich, Germany
= Two additional parking decks planned

= Load on 49 individual footings will be
markedly increased

= The bearing capacity of two foundation piles
will be exceeded by 15 %
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Case Study 2:
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Increasing the Skin Friction of a Foundation Pile

The idea:

= |ncreasing the skin friction of pile foundations

= Effect of PU-injections expected to be bifold:
1. Effective earth pressure coefficient
increased toK>1
2. Soil-pile frictional angle &' increased by resin

= Structural engineer decided that increase of the
soil-pile frictional angle is enough

Skin friction:
Qs=5(p <AL xf)

p = Perimeter of the pile
AL = Incremental pile length over which p and f are taken
f = Unit frictional resistance at any depth

For non-cohesive soils:
f=K x o’ xtan(&’)
K = Effective earth pressure coefficient

o’ = Effective vertical stress at the depth under consideration
&’ = Soil-pile frictional angle
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Case Study 2: g
Increasing the Skin Friction of a Foundation Pile

The solution:

= Shallow foundations were treated as in CS 1

= Injections up to 4 m depth were placed around
piles to increase bearing capacity

= Two additional parking decks were added

= Approach was based on theoretical considerations
- Needs experimental proof
-> Pilot projects with pile load tests wanted!

CO,-Balance of PU-Resin Injections

Emissions case study 1:

Product related emissions:
874 kg resins * 2.86 kg CO,eq / kg
= 2498 kg CO,eq for resins

Operation related emissions:
CCF / total working days * project working days
=1570 kg CO,eq for three working days

In total 4068 kg CO,eq project related
emissions
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CO,-Balance of PU-Resin Injections CO,-Balance of PU-Resin Injections

ISREINE RV
= = s L Summary:

Alternative underpinning:

= Product related emissions of injections are
appr. in line with underpinning

Product related emissions:

= Foundation 20.8 m * 100 cm deep * 45 cm wide
=9.36 m® concrete + 260 kg steel

(e O
‘ ‘ | g

= Emissions for demolition and new build
would be manifold higher

) 1
\
\
CEM | + new steel = 2796 kg CO,eq \ \
\

= Emissions of resins need to get lower

CEM I1I/B + recycled steel = 1472 kg CO,eq

Our PUre® Solutions product lines offer customers high-quality, sustainable
polyurethane alternatives for every application - whether flexible or rigid, foamed,
or compact.

R A

Operational emissions not known to us
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Thank You

URETEK

FUNDAMENTEEL HERSTEL
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