Below Grade Waterproofing

Peter Baker, P.Eng., P.E.

Principal, Building Science Corporation




'
ML

SOLIe

T

THINT

Corporation

t=1]
£8
=8
- 0
[--N7,]




:
TR

! 4
=

= =
f :

g

.

Lo Sy

e’

AL RN

i
- S s -yi,&a)
Building “* : T —a
Science

Corporation




Ay B R S
T N, . a0 >y
34" " ¢ 1 .

.
u’ « o

ing
ience

Corporation

Build
Sc



=
S
=3
®
T
]
2
™
S
S

Building
Science




Building
Science
Corporation




Into the deep end...
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Case Study:
Boston, MA

Pier 4
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Pier 4

* |nitial foundation design

* Sheet piles

* Pre-applied membrane
waterproofing

e Concrete Foundation wall

Sub-slab dewatering
system
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Temporary Termination Omitted
From Drawing For Clarity. (BSW-16)

Poured-In-Place Concrete Wall. __—""

(See BSW-24) When Wall Is
Shotcrete)

Paraseal LG With Bentonite

Facing Installer. Vertical Seams /

Should Not Occur At Interlocking
of Sheet Piling. Nail Seams Every

24" o.c. and Box Staple Every 3" o.c.

(BSW-28)

When Vertical Seams Occur at Angled

Return of Sheet Piling As Shown,

Then Open Edge of Seam Should Aim

Away From Building.

Note:

When There Is Also Below
Floor and/or Below Footing
Waterproofing, See BSW-23
For Tie-In With Wall
Waterproofing. Also See
Section C "Below Slab-on-
Grade"

o
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All Paraseal LG

Seams Lap 4" Min. When
Wall Is Shotcrete.
(BSW-24)

Paraseal LG Starter Strip Extending
6" Above Footing or Mat Slab. Bentonite
Side Facing Installer.

Paraseal LG Installation Over Steel Sheet Piling



Pier 4

3 IN. MUD MAT

f—— 18 IN. THICK
STEEL SHEETPILING Sy PO FOUNDATION WALL
® : L IR .
i [
' L »
STEEL SHEETPILING i . WATERSTOP AT
(BEYOND) & o B POUR JOINT
* " (REFER TO ARCHITECTURAL
o DRAWINGS FOR SLAB GRADING)
; 3 1 s ®
] Y
CONCRETE PLACED TN . ) R S TR B
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o
. 3/4 IN CRUSHED STONE 9 IN. MAX.
Sheet pile extended 1

down into an \

impermeable layer
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EXCAVATIOJ NON-WOVEN
SUBGRADE GEOTEXTILE

SECTION A-A

SUB-SLAB PRESSURE RELIEF DETAIL

NOT TO SCALE

4-IN. DIAMETER PERFORATED
PIPE LAID FLAT DIRECTLY ON
TOP OF GEOTEXTILE
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Sequence of Slurry Wall
Construction

FUSTNG SOn

Building
ﬁ ﬁﬁ',‘:,':,‘::t,on Image from https://www.civilengineeringweb.com/2021/01/slurry-wall-construction.html
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4 years later...
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Physics of Liquid
Water Flow

* Gravity

* Capillarity

* Hydrostatic
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Physics of Liquid
Water Flow

* Gravity

e Capillarity

* Hydrostatic
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Physics of Liquid

Water Flow

—

* Hydrostat
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Physics of Liquid
Water Flow
* Gravity

e Capillarity

* Hydrostatic
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Waterproofing Strategies

e Above the ground

Water table Wall waterproofing
membrane
 Draw down
 Perimeter cut off
. [Footing drain
and dewatering

* Continuous
waterproofing

[groundwater level
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Waterproofing Strategies

e Above the ground
water table

Wall waterproofing
membrane

e Draw down

[groundwater level

* Perimeter cut off Sump
and dewatering Sub siab dewatering

* Continuous
waterproofing

groundwater level
(under the structure)
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Waterproofing Strategies

Above the ground

water tab|e Wall waterproofing
membrane
* Draw down [groundwater level
* Perimeter cut off Sump
and dewatering Sub siab dewatering
* Continuous
waterproofing

Water cutoff system
(eliminates or slows the
rate of water ingress into
the excavation)

groundwater level
(under the structure)
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Waterproofing Strategies

* Above the ground
water tab'e Wall waterproofing

membrane

* Draw down

[groundwater level

 Perimeter cut off
and dewatering

* Continuous
waterproofing
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Materials

e Self adhered sheet




Materials

e Self adhered sheet membranes

* Typically comprised of 54mils of SBS modified asphalt adhered to a 6mil
polypropylene or polyethylene facer (60mil total thickness)

* Classified as a post applied membrane (after placement of the concrete)

* Need to take care at seams for wrinkling and fishmouths
e Use of a liguid membrane or sealant at the seams can greatly reduce the risk

« Recommend using a protection layer (board or drainage mat) during
backfilling.
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Materials

e Cold fluid applied




Materials

e Cold fluid applied membrane

* Can be a lot of different chemistries
* Polymer modified asphalt emulsion
* Modified polyurethane membrane
* Synthetic rubber

* Roller or spray applied
* Classified as a post applied membrane (after placement of the concrete)

* Need to prepare the substrate and inspect the application

 Fill voids
e Check thickness
* Watch for pinholes

e Recommend using a protection layer (board or drainage mat) during

backfilling.
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Materials

Self adhered sheet
Cold fluid applied

Bentonite

Pressure sensitive adhesive




Materials

 Bentonite

e Usually used in two forms
* Geotextile facer
 HDPE (or other) sheet membrane facer

* Mechanically attached to the soil retention system

* Classified usually as a pre-applied membrane (before placement of the
concrete), but can be used as a post-applied membrane
* Proper substrate support
* Max size of gaps in the lagging
* Soil compaction

* Needs to be protected from rain and water exposure prior to concrete
placement
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Materials

* Pressure sensitive adhesive membrane

e Usually used in two forms
* Proprietary pressure sensitive adhesive
e Butyl adhesive

* Mechanically attached to the soil retention system
* Classified as a pre-applied membrane (before placement of the concrete)

* Proper substrate support
* Max size of gaps in the lagging

* Does not need to be protected from rain and water exposure prior to
concrete placement
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Review the o

Structural
Drawings!

g

PLANK PARALLEL

FOUNDATION WALL SECTION ="

FOUNDATION WALL SECTION -
5) SLAB ON GRADE & PLANK 4) SLAB ON GRADE 3) ELEVATOR PIT DETAIL

|

3

Tl | = & PLANK PERPENDICULAR PLANK PARALLEL
g )-SLAB ON GRADE & PLANK STEP DETAIL 7')_SECTION AT EJECTOR PITS 6 }TOP OF BASEMENT WALL DETAR
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SLAB ON GRADE L PLANK SLAB SLAB ON GRADE 1 PLANK SLAB
& N>
#4 DOWELS W/ STD. #4 DOWELS W/ STD.
HOOK @ 12" O.C. HOOK @ 12" O.C.
GROUT VOID SOLID IBSC* » Waterstop I GROUT VOID SOLID

#4@12" DOWEL [BSC - Waterstop #4@12" DOWEL

o #4x4'0" @ 40" O.C. b mMecros I
o GROUTED INTO KEYWAY 7
SLAB ON GRADE, PRECAST PLANK SLAB SLAB ON GRADE, PRECAST PLANK SLAB
SEE PLAN SEE PLAN SEE PLAN SEE PLAN
e
& TOP OF SLAB 4. TOP OF SLAB :
% EL. SEE PLAN A - = % EL. SEE PLAN h = ‘ =
X — X — — 5 5
o ) o
@ H P \ O O Og w
1 f %) e %)
1 = N °
44> MIN. MIN.
‘\ 3"BEARING 2" OVERLAP
5
2#5 CONT. & 1/8"x 2" KOROLATH 2#5 CONT.
1| ¢ BEARING PAD Ql
| SEE S-101 PLAN FOR ADDITIONAL N
S CONTINUOUS TOP BARS
N D (3 WALL LOCATIONS)
o o o FOUNDATION
FOUNDATION WALL, SEE
WALL, SEE SCHEDULE
A SCHEDULE FOR REINF.
FOR REINF.
BSC - Membrane
PLANK PERPENDICULAR protection course to PLANK PARALLEL

be provided for all
areas subjected to
backfilling
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50" 6"

50"

— e

G

=
-

IBSC - Waterstop | CONC. WALL,
’ i SEE PLAN
I BSC - Membrane
protection course to
H be provided for all
areas subjected to
backfilling
SLAB ON GRADE, SEE PLAN o
| \ TOP OF SLAB
< X X X X X o ! EL. 121'-0"
6" PIT WALL o
\
g
12" PIT WALL, TYP. . ~
W/ #5@12" VERT.
& HORIZ., E.F. A #5 x 50" DOWEL @12" O.C.
/ BETWEEN PIT SLAB AND FO
o { TOPOFPIT
3 s 3 EL. 114™-0"
° TJ ° L4
” 2 -/ B 7!_9"
12" PIT SLAB; ) ( WALL FOOTING,

#@12" 0.C., EW.
TOP & BOTT.
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Look at the
Plans and
Sections and

coordinate the
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N A | L/ g’
‘ 46" DEEP MAT (s ) /I 3 I |
[ FOUNDATION | m_/‘ 2 v
\ TO BEAR ON ROCK | 21 ! i 10=0. : -
I I ! BSC - Need a detail
“ [ " : : =16" ! for a break in the wall
|
| | T.0. SLAB { |
| |
2 | . Ml | 2 Pees !
o~ [ < ‘O_ = i
‘ [ SEES-301 FOR ! = — : : & | 3?"?19:52&92200“9
= 0 / CONTINUATION OF c
BSC Neeq a detail ‘ / FOUNDATIONS | z Eaunl | | — PIPE IN MAT SLAB, TYP.; | w installed contonuous
for a break in the
' ) | v Ll SEEMEPFORPPEINV. | ° s Wl
footing | 30" 2 | | ELEV.; SEE DET. 5/S-104 | o ®
|/ | ( e, FOR DETAIL | $8
\ i i =
1 BSC - Incorrect call @ 8 . I | | ; H | _—
L i out. Possibly 6/S-102 : S LN = A : [ ] BSC - Waterprooing
for a break in the wall ‘ Sl 3 N Ti%‘w 101~ N will be needed
g T o - — :
aQ( = & | 35", 35" 1 between footing and
|2 - Sl | 1122:0°] | [ T mat slab
\§ e o == |
5 “: RS FND. WALL 1 :°?—’ | (1)
| o P 5 | & | W < W3.0
jr =d [124410") ] R— = : i [124-10")
‘ R e R
‘ ‘l_ > I FDN. WALL 1 FDN. WALL 2 = §
P | ' oL &A
I i £ 2
\‘ \ § § g
l .
BSC - See BSC concept detail: \ | S SISAD
Foundation Waterproofing - \ |l T
Break in Footing (2017-03-28). \ | e Rl O I L R — — — — — \
Applicable to all similar [ | SEE S-301 FOR
conditions \ 1 \ CONTINUATION OF
| | e \ FOUNDATIONS
Gl B I iz
N . \— 50" BSC - Waterproofin
| £ 1 PIPE IN MAT SLAB, TYP.: N | £ 5-0" DEEP MAT FOUNDATI . P g
|\ / | SEE MEP FOR PIPE INV. I 1 & TOBEASONIROCK will need to be
‘ — | ECL,I;V[.’; ESTEAEILDET. 5/S-104 : : installed contonuous
| | : ; I L below column, or I —
§ ‘ \ \ ;7. | | 54 wlrap column to grade
b g; ‘ -1 .
§“b_ | . ﬁ BSC - Post applied membrane
= | 12* CONC. PAD 51 2 Al installed to the top side of the
) “ | coomow P Aapeag v » \——|mat slab. Membrane to be
& | \ ARCH. & MEP et (Tl protected with a protection
% \ S ey 1% course to prevent damage
“ I | | during construction/backfilling
x |
i B e g i |
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Step 7

Sheet or fluid applied membrane
installed on top of the footing and
vertically up the foundation wall.
Seal the waterproofing around all
dowels.

Extend waterproofing out in

1 Il directi llow for tie-i
Provide Sl hetione o el ior telh
specific

waterproofing system

details where Step 8
needed

Foundation stem wall
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Step 1 Step 3

Footing

Footing. Where footing extends
beyond the exterior below grade
foundation walls, provide a stop in
the pour to allow for continuity of
the below grade waterproofing

Footing excavation

Extend pre-applied membrane a
minimum 6" beyond the pour stop
to allow for tie-in with additional
membrane waterproofing

Step 2 Step 4

Pre-applied (blindside) membrane installed
per the manufacturers instructions. Ensure
sufficient material is left exposed to allow
for future tie-in with other waterproofing
membranes

Sheet or fluid applied membrane installed
on the end of the footing. Seal the
waterproofing over the top of the footing,
around all dowels, and lap onto the
exposed pre-applied (blindside) membrane
to ensure all surfaces are sealed

PSR T

Science
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Step 5 Step 7

Sheet or fluid applied membrane
installed on top of the footing and
vertically up the foundation wall.
Seal the waterproofing around all
dowels.

Extend waterproofing out in
all directions to allow for tie-in
with post applied membrane
waterproofing system

Continuation of footing pour

Step 6 Step 8

Exterior below grade foundation wall
(occupied space on other side of wall)

Foundation stem wall
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Step 9

Membrane must tie in to all below slab/
footing pre-applied (blindside) membrane

Post applied membrane waterproofing
sealed over all below grade foundation
walls.

Membrane must tie in to all sheet or fluid
applied membrane at the footing break
and wall to stem wall interface
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Details

e Water Cut Off

e Continuous waterproofing on the vertical perimeter surfaces that wrap the
foundation

e Continuous sub slab drainage below the building (footings, shear walls, etc.)
e Sump pump system with back up

e Continuous waterproofing
* Provide continuous waterproofing!!! (Seriously, no joke)
* Move penetrations out of the ground water level

* Pay close attention to the details

* Construction sequence
* Material use
* Manufacturer’s requirements

* |tis a three-dimensional puzzle
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Case Study:




* Hydrostatic conditions
e 10+ feet below the ground water table

e Combination
e Lot line construction
e Excavated and backfilled

* Multiple waterproofing strategies were explored but the final decision was for a
continuous waterproofing system

* Design team, consultant, manufacturer, construction team, 3" party inspection all
involved
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2 PODIUM SECTION - LOOKING WEST
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4 months later...
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Repairs

* There are pretty much 2 things to do:
* Injection sealing
* Interior drainage
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Thank you

pbaker@buildingscience.com
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