DRAINAGE & SEALING

PROTECTION OF BELOW GROUND STRUCTURES AGAINST WATER FROM THE GROUND
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Timeline History

Evolution of drainage & sealing systems.
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Waterproofing of basements and
other below ground structures

Code of practice for protection
of below ground structures
against water from the ground

-
bSl. ~making excellence a habit™
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1) Type A - barrier protection
2) Type B - structurally integral protection
3) Type C — drainage protection

< <
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Table 2 Grades of waterproofing protection

Grade Example of use of structure® Performance level

1

Car parking; plant rooms (excluding Some seepage and damp areas tolerable, dependent on
electrical equipment); workshops the intended use®
Local drainage might be necessary to deal with seepage

2 Plant rooms and workshops No water penetration acceptable
requiring a drier environment (than Damp areas tolerable; ventilation might be required
Grade 1); storage areas

3 Ventilated residential and No water penetration acceptable
commercial areas, including offices, Ventilation, dehumidification or air conditioning
restaurants etc.; leisure centres necessary, appropriate to the intended use

A)

B)

The previous edition of this standard referred to Grade 4 environments. However, this grade has not been
retained as its only difference from Grade 3 is the performance level related to ventilation, dehumidification or
air conditioning (see BS 5454 for recommendations for the storage and exhibition of archival documents). The
structural form for Grade 4 could be the same or similar to Grade 3.

Seepage and damp areas for some forms of construction can be quantified by reference to industry standards,
such as the ICE’s Specification for piling and embedded retaining walls [1].

15
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Type A waterproofing barrier

Type A systems generally accepted by NHBC when assessed
in accordance with Technical Requirement R3 include: ).

[ external waterprocfing
B Post applied membrane (hot or cold adhesive) ' Wiy protacion
B [iquid-applied membranes g ’
eosynthetic (bentonite) clay line #
B mastic asphalt to BS 6925 or BS EN 12970
B cementitious systems
B pre-applied fully bonded systems

B proprietary systems or products assessed in accordance with
Technical Requirement R3.

-
Flain polyethylene sheet should not be used as a
(waterproofing system.

[Dnlyr fully bonded systems assessed in accordance with Technical Requirement R3 for the specific purpose should be used
intemally or in sandwich constructions.
g
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Type B structure, integral construction, concrete and application

structural design should be undertaken by an engineer in accordance with Technical Requirement R5. The design of in-situ Type
B BSEN 1992—1—1} B Chapter 3.1 "Concrete and its reinforcement’.

B BS EN 1992-3

)

Type B systems acceptable to NHBC include:

B in-situ concrete with or without admixtures and crack B precast concrete systems assessed in accordance with
widths limited by design Technical Requirement R3.

B in-situ high-strength concrete with crack widths limited by
design and post-construction crack injections

19
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Design detalls for reinforced concrete structures should include:

B Concrete specification. B Type and position of reinforcement

B The type of concrete. B The method of making good holes in the concrete formed
B Concrete strength. for shutter bolts and tie bars.

B Proportion of any admixture. B Positioning of structural elements.

B Proposals for limiting crack widths. B Appropriate tolerances for the line and level of

B Consideration of temporary support to the formwaork. structural elements.

Joints between components, including day work joints, should be durable and made watertight with appropriate waterstops or
hydrophilic strips. Kickers, generally cast as part of the slab, should be used to form the joint between floors and walls.

20
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Concrete with admixtures
Where the design of in-situ concrete waterproofing includes admixtures:

B the rafio of admixture to concrete specified in the design B suitable quality management systems and quality
should take account of the recommendations of the audits should be used to record and monitor the
admixture supplier batching of admixture.

B the reinforcement should limit crack widths to 0.3mm for
flexural cracks and 0.2mm for cracks that pass through
the section

21
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Admixtures should be:
B independently assessed, in accordance with Technical B used strictly in accordance with the
Requirement R3

manufacturer's recommendations.
B assessed according to the intended use

o £+ plos ctanl o ol (50,0 695,15 olge Thechnical Requirement R3 s oo S8 Slasiivn Gub
.ol BRE U BBA davcsgo 4500l glyls piomon g ol allls
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Admixtures should be:
B independently assessed, in accordance with Technical B used strictly in accordance with the
Requirement R3 manufacturer's recommendations.

B assessed according to the intended use
o £+ plos ctanl o ol (50,0 695,15 olge Thechnical Requirement R3 s oo S8 Slasiivn Gub
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Table 1 Use of different protection types based on water table dassiflcation
Risk wWater table WwWaterproofing protection
assoclated classificatlion
ype A Type B c
with water (sea Mote) ¥pe
tabla Plled weall Relnforced conarate
wall to BS EN 1992
Lonar Loanr Acceptable Acceptable Aacceptable Accaptable
T+ varable Accaptable IF the ~variable™ Acceptable where: Acceptable Accaptable
classification Is due to surface
a) the plled wall Is directhy
water. The manufacturers advice accessible for repalr and
should be sought. malnmtanance from Inside the
High Acceptable where; structure; or Aacceptable Accaptable
a)l an appropriate cementitious b} the piled wall Is combined
multl-coat render or with a fully bonded
cementitlous coatings are waterproofing barrler; or
nxed; ) the piled wall Is faced
- b} thewall s of concrete to Intermmally with a conarete
High ES EM 1992, wall to 85 EM 19932,

Measuras o reduce sk

- Use comblned protecton (ses 6.2.2).
- Incorporate approprately designed sub-surface dralnage and ensure that this Is maintained (see 6.4).
- Usea a fully bonded waterproofing barrier (see Figure &6).

- Lowwar the permeabllity of the maln structural wall.
- Use comcrete with awaterproofing admixture, e.g. to BS EM 924 {(so2 9.2.1.5).
- Ensure that discharge systems, e.q. pumps, are malntained so that the system remains effective (see 10.3.1).

NMOTE Thewater table dassifications are defined as follows (=ee afso 5.1.3).

- Lowr —where the water table or perched water table is assessed to be permanently below the underside of the base sflab. This only applies to
free-draining strata.

- Variable —where the water table Huctuates.
- High —where the water table or perched water table is asseszed to be permanently abowve the underside of the base slab.
round permeability might affect risk under a fow or variable water table (ee 5.10
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COMPARTIMENTATION SCHEME

Injection pipes PVC ““_Boxes of derivation |

Water-stop in PVC .~

1) The maximum surface of each compartments must not exceed =100 mq
2) Assure the continuity of the waterstop joint feet in the crossings

3) The injection pipes on the waterproofing membrane must be laid by welding
for points; minimum 3 injection pipes for each compartment.
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Sealing

Chemical attack on the concrete

Required additional measures

st esih Hydrostatic water (Exposure Class)
No. |9 pressure above the ; W - i
geomembran| T 1 oce [m] Light, moderazge Strongs) ater stop joints Integrated injection
s (XA1, XA2) (XA3) Internal External system

1 GEOMEGIEE | No No No
Umbrella None Present

2 (no pressure built-up WUB-KO ¥ - due to the No No
acceptable) system

3 L | et | No No

4 Geomembrane 3 mm ¥ No Yes Yes
_ Up to approx. 30 6 Present

5 | Circumferen WUB-KO - due to the No No
tial system

’ 6)
6 From approx. 30 WLB-5C) e 3 r;rgr;leomembrane No Yes Yes
up to approx. 60
; n Double-layered geomembrane ® NG g o
(mountain-side 3 mm + tunnel-side 2 mm)
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Tensile Strength vs. Time.

Gas Inlet \ / Gas Outlet
1 —

| __— Temperature
L

Fressure 5
ensor
Transducer 100,0
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Gas Phase S g 60,0
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: 5 5 Specimen 20,0 1
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Sealing after construction:

Surface Forming
1) Surface method crystalline materials

.. Concrete glue
2) Jointing Mastic
Waterstop,hose,steel,...

3) Injection Filling injection
Injection outside of structure
Injection into structure
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Sealing after construction:

Surface Forming
1) Surface method crystalline materials
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Sealing after construction:

2) J ointing Concrete glue
Mastic

Waterstop,hose,steel,...

No Leakage Leakage Corrosion
- = =
Crack Controllable Visible
Healing Leakage Leakage
- — |- >
ACI Limitation -
0 0.05 013 0.33-0.4 85

Crack Width (mm)
Beginning of
Visible Cracking

Visible Corrosion
with Deicers

Weiss 2006 81
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2) Jointing  Concrete glue
Mastic

Waterstop,hose,steel,...

Systerms for sealing joints

g Hwvdrophilic rubber

Formwork elements

Membrane sealing
systems

Joint profiles

Sealing and bonding

[ : I Injection hoses
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Sealing after construction:

3) InJ ection Filling injection
Injection outside of structure
Injection into structure
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Sealing after construction:

3) In] ection Filling injection
Injection outside of structure

Injection into structure
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Sealing after construction:

3) Injection Filling injection
Injection outside of structure

Injection into structure
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3) Injection

Penetration Capacity

Permeability
K (mys) 107 107" |1ﬂl'2 102 10 10°° 1078 1007
Realm of Soil Gravel e Samd silt Clay

Binghamians

MNewtonians

Diametrs
Dhes CLorm) 100_000 2 00 500 250 o 5

Crack Width
W iminm 10 =5
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