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About the Speakers

Aaron Lewis

e Multi-disciplined (Geotechnical, Civil,
and Structural)

* Heavy Civil Infrastructure

Greg Doelp
* Waterproofing Systems
* Below-Grade Waterproofing
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Course Description

Natural disasters can significantly damage the built environment and
disrupt communities. This presentation will focus on evaluating the risk of
surface water and flooding to individual sites and buildings. Understanding
flood risk is important for facility owners because the cost of hardening
existing infrastructure can be substantial. We will discuss methods we use
to help building owners understand flood risk vulnerability, both from a
riverine and coastal environment, and methods for hardening
infrastructure. We will examine procedures for evaluating critical buildings,
their typical vulnerabilities, and potential measures to reduce risk of flood
damage. We will also look at flood proofing measures, such as temporary
flood walls, permanent flood barriers, and waterproofing. We will also
discuss methods to reduce leakage and flooding of below-grade spaces
from rising ground water levels. Solutions such as below-grade
waterproofing, injection grouting, foundation drains, and sub-slab
depressurization systems will be discussed.

4. Understand methods for mitigating groundwater

Learning Objectives

1. Understand flood risks and recognize vulnerabilities.

2. Understand methods to evaluate and identify risk

mitigation methods and harden buildings and sites
related to flooding.

3. Recognize risk of groundwater flooding and leakage.

flooding and leakage.
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Agenda

Coastal Flooding. '

Riverine Flooding

Groundwater Intrusion

Waterproofing for Flooding and Elevated Groundwater

Understanding Flood Risk

Sources of Flooding:

— Coastal Flooding (Hurricanes, Tropical Storms, Nor'easters) —

Generally more warning >>24 hrs
— Riverine Flooding — Warning is Less but Varies about 6-48 hrs

— Local Surface and Groundwater Flooding — Generally no

warning

© Simpson Gumpertz & Heger Inc. 3
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Coastal Flooding

Damage Due to Flooding

* Flooding is nation’s leading cause of disaster
($50 billion in 1990s)
* Recent events reinforce issues

* Future forecasts (associated with sea level rise) are
not better

© Simpson Gumpertz & Heger Inc. 4
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Hurricane and Tropical Storm Damage

- 4 r

Katrina: $48.4 billion, August 25-30, 2005
Andrew: $23.7 billion, August 24-26, 1992
Sandy: $19.3 billion, October 28-31, 2012
Ike: $13.6 billion, September 12-14, 2008
Wilma: $12.1 billion, Oct. 24, 2005
Charley: $9.1 billion, August 13-14, 2004
Ivan: $8.6 billion, September 15-21, 2004
Hugo: $7.1 billion, September 17-22, 1989
Rita: $6.6 billion, September 20-26, 2005
Frances: $5.6 billion, September 3-9, 2004

1.
2.
3.
4.
-
6.
7,
8.
9
10.

Hurricane Frequency (1900-2010)

I Total Strikes
-z
-3y
5.8
7-9
10-12
13-14
15- 18
17-18
2025
.25 - 32
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Resources

SEA LEVEL RISE AND
COASTAL INFRASTRUCTURE
PREDIGTION, FISKS, AND SLUTIONS

Elevator Installation

& nia

Teshn

Hazus”-MH

nical Massal

MAPPING
ZONE

11

Saffir/Simpson Hurricane Scale

Sustained Wind Speed (1) Central Barometric Pressure Storm Surge
Hurricane
Category mph (m/s) inches of mercury millibars ft (m) Damage Potential
1 Y Fg05 Y 331425 >28.91 5979 f4w5 \ 08wl2 ¢ Minimal §
2 1 96-110 1 42.649.2 28.50-28.91 965-979 608 1 131018 Moderate
3 1 Illl—l30 I 49.3-58.1 27.91-28.47 945-964 9t012 1 191027 Extensive
4 I Yi31-155 1 58.2-69.3 27.17-27.88 920-944 : 13to 18] 28t03.7 : Extreme
_5_ _.l e >_155 _l >69.3 <27.17 <920 Y >18 _l >3.7 \ Cutastrophic §
1000 millibars = 100 kPa
(1) 1-minute average wind speed at 33 ft (10 m) above open water

12
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I Storm Surge

LCurreni

13

I Coastal Flooding Terminology

The storm surge stillwoter elevation (SWEL) ond added effects of wove setup

ard wove runup.

14
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Surge and Tide

NOAR/NOS/CO-0PS
Verified UWater Level ws. Predicted Plot
8518730 The Battery, NV
from 2012/10,29 - 2012/10/30
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15

FEMA Flood Maps

- Base Flood Elevation (BFE) — FEMA flood elevation from 100-
year event

» Design Flood Elevation (DFE) — BFE plus some freeboard

e Special Flood Hazard Area (SFHA): Area subject to flooding
during a 100-year event

e Zone X (Shaded) — 500-year flood event

I s (MoWA) | sy |
i Wave height 3 feet “| waveneight30-1.5feet | Waveheight |
< 1.5 feet
. Limit of
BFE~  Flood level including
} wave effects LIMWA Roodng
‘‘‘‘‘ T and waves
100-yoar-, ~ === = —J== <
stillwater elevation Rl pp—— R S
- & T e i ———
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FEMA Current Map - Boston

[ AT M

Curren '-

17
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I Modeling Coastal Flooding—The Variables

e Storm Characteristics:
— Differential Pressure
— Forward Progression Speed
— Maximum Wind Speed
— Radius of Maximum Wind Speed
— Track

Wave Height

Tide

Topography, Bathymetry, and Ground Cover
Sea Level Rise

19

I Modeling Coastal Flooding —
Coastal Hydraulics (Surge)

Storm Surge:

e Advanced Circulation Model for Oceanic, Coastal and Estuarine Waters
(ADCIRC)

Regression Analysis of Tide Gauges

isrm SARGY, Hisdesst

Vi Mol 1 v et P b
Mo mog

20
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Sea Level Rise

— http://tidesandcurrents.noaa.gov T o ear per 10

10 years per 100
=50 years per 100
=09 years per 100

Boston, MA

Source: HOAA

Meters above MHHW

0. T T T T T T T T T T T
1900 1910 1820 1830 1840 1950 1960 1870 1880 1930 2000 2010 2020

21

Sea Level Rise

ER 1100-2-8162

CECW-CE
CECW-P

31 December 2013

e Scenarios

— Low, Intermediate, High
— NOAA, NRC, and USACOE
— http://corpsclimate.us/ccaceslcurvesECB.html

INCORPORATING SEA LEVEL CHANGE
IN CIVIL WORKS PROGRAMS

USACE Sea Level Change Curve Calculator (2014.8086.2)

BOSLON, « gt

© Simpson Gumpertz & Heger Inc. 11
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Sea Level Rise Calculator

RSLC in feet (NAVD88)
[=:]

8443970, Boston, MA
NOAA's Published Rate: 0.00863 feat/yr

Relative Sea Level Change Projections - Gauge: 8443970, Boston, MA (05/
01/2014)

—— EWL{BFE)
—— USACE/NCAA
Low Rate

—— USACE Int, NOAA
Int Low

—— NOCAA Int High
Rate

—— USACE High Rate

—— NOAA High Rate
FEMABFE

2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

Design Flood Elevation — ASCE 24

TABLE 6-1. Minimum Elevation of Floodproofing,
Relative to Base Flood Elevation (BFE) or Design
Flood Elevation (DFE)— Outside of High Risk
Flood Hazard Areas

Structure Minimum Elevation
Category® of Floodproofing”
| BFE + | ft or DFE,
whichever is higher
I BFE + | ft or DFE,
whichever is higher

1] BFE + | ft or DFE,

whichever is higher
v BFE + 2 ft or DFE,

whichever is higher

*See Table 1-1 for structure category descriptions.

"Wet or dry floodproofing shall extend to the same level.

“Dry floodproofing of residential buildings and residential portions
of mixed-use buildings shall not be permitted.

24
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Risk Mitigation

25

Overview of Methods

= ELEVATION — Raising your home so that the
lowest floor s above the flood level. You can
b L L] accomplish this in several ways.
Tt e — ——] i

WET FLOODPROOFING - Making uninhabited portions of your home resistant to

flood damage and allowing water to enter during flooding.

RELOCATION — Moving your home out of the floadplain to higher ground where it
will not be exposed to flooding.

DRY FLOODPROOFING — Sealing your home to prevent floodwaters from entering,

LEVEES AND FLOODWALLS - Building a floodwall or levee around your home to
hold back floodwaters.

DEMOLITION - Tearing down your damaged home and either rebuilding on the
L I same property or buying or building a home elsewhere.

© Simpson Gumpertz & Heger Inc.
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FEMA Guides for Mitigation

Floodproofing
Non-Residential Buildings

FEMA P-936 / July 2013

€ rEma

Risk Management Series

Design Guide

for Improving Critical Facility Safety
from Flooding and High Winds

FEMA 543 / Junwory 2007

¥ FEMA

27

Hazard Mitigation

28
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Relocation of Critical Equipment

29

Levees and Floodwalls

Flood Level

b.

Flood Level

30
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I Temporary Floodwalls: Product Examples — Stop Log

Example of anchors into concrete footing for
the Stop Log barrier.

31

I Temporary Floodwalls: Product
Examples - AcquaFence

© Simpson Gumpertz & Heger Inc. 16
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Temporary Floodwalls

Hanover Square
[

Existing Manhole, Typ.

Pear| Street

.4
Water Stree Extent of Flood Wall

Dry Floodproofing

® Water surface

Water surface

Buayancy force

~<— Dry
floodproofed

B it floor

===
Additional pressure }
from saturated soil ——

Bi force

Handwhesl
aparator
P e
. Optsoral
manhcke
Check |
vabe !
Mcirmal fow
e

© Simpson Gumpertz & Heger Inc.

10.14.2015

17



SGH BOSTON FALL SYMPOSIUM
Waltham, MA

Flood Proofing Tests

maximum
depth 177

aximm
! maximum depth 31727

b2 depth 174

i mml e —— oo

Ohr

interior water depths during flood simulation2: || flood depth in tank

Floodproof Construction:
Working for Coastal
Communiti

ahe lame  sme Bne dORe 13Re 1R TERe 1Bhe 30K I3Re Jahe 26Rr nmi ke Izhr  TRr I6he 38k

24 fgad penod

GOCDS June 28th 2011
— sealed block testing pod
= ICF 2 testing pod
= cavity wall filled block testing pod
sheet membrane testing pod
w— weatherproof testing pod
—— SIP testing pad I 1 gengts o Tt oot Cowvsdruac tigent Fygee. |

Fig. 4.32. GRAPH: Interior water depths, flood simulation 2.

35

In Addition to Floodwalls: Flood Doors...

36
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Mobile Bay Critical Equipment

37

I Gulf Coast

llllllll

38
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I Mobile, AL Building

39

I FEMA Flood Insurance Rate Map

Site 1% annual
chance flood
Elevation = 12 ft
«—— |NAWD

FF El. =15 ft
NAVD

40
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NOAA SLOSH Maximum of Maximums for

Category 3

Category 3 Storm Surge | &
Elevation (NAVD) at 1

Mean Tide: 11.8 ft.
High Tide: 13.4 ft.

al

\; o .
R L e g I
‘) ) s —“m 4
2 r =
> AS
4 p

<7 4 -’ '

Up to 3 feet above ground
‘Greater than 3 feet above ground

~ Greater than & feet above ground

Groator than 9 feet above ground

i

Building Vulnerabilities

e Ungrouted CMU walls

« Garage and person doors
* Dock levelers
 Full-height glazing

« Utility penetrations
 Building expansion joints

» Sewer/floor drain backflow
 Slab uplift capacity

42

© Simpson Gumpertz & Heger Inc.

10.14.2015

21



SGH BOSTON FALL SYMPOSIUM 10.14.2015
Waltham, MA

I Protecting Critical Equipment with
Modular Flood Barriers and Interior
Pump Stations

43

School Building

44

© Simpson Gumpertz & Heger Inc. 22
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I School Building

<

45

F Flood Wall, Cutoff, and Dewatering Sump

EXTERIOR
mcuu.—\ 1 T

SECTION AT CONCRETE PUMP WET WELL
o

-0

|

i
¥

T
[

i

46
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Riverine Flooding

47

Riverine Flooding

L O PO AL 1 L, S 508 -
oI — Lo oms
s |

FRIURE 3 - FLODDWAY SCHEMATIC

48
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Riverine Flood

Elevations
« HEC-2
« HEC-RAS

* Analyze Hydrology and Hydraulics to Determine Flood

§ X-¥-2 Perspective Plot

5=
e Qptions
Upwesnits: [0 =] 4] 1| ][] L Ll 4
. [ = Flataion Anght Eme|
Dowrtrean fes:  [210.406 g E ]

T

HEC-2
‘Water Surface Profiles

User's Maruad

Groundwater

50

© Simpson Gumpertz & Heger Inc.

10.14.2015

25



SGH BOSTON FALL SYMPOSIUM 10.14.2015
Waltham, MA

Estimate High Groundwater and
Permeability of Soils

Solinst Levelogger Series

8,000 10, 000

Warch 1)

51

L13]

Underslab Drainage

e Design groundwater
Level

* Flow (Q)
* Pipe spacing

e Pipe size and slope

* Pipeinvert

* Dewatering pump
details

e lron ochre?

© Simpson Gumpertz & Heger Inc. 26
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I Underslab Drainage Calculations

¢ Q (Flow per unit length)
— Groundwater elevation
— Depth to impermeable layef
— Soil permeability

Original Ground-
water level
(no flow)

Groundwater level
during pumping

="“""-je_-:_-:_-_ _______ T e et T e

Mounding Between Pipes

Waterproofing for Flooding and Elevated
Groundwater

© Simpson Gumpertz & Heger Inc.
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How Can
Below-Grade
Waterproofing
Resist
Flooding?

How Can it
Resist More
Common
Leakage
Risks?

55

Waterproofing for Flooding and Below-

Grade Leakage

* How Water Gets in

« Types of Waterproofing

* Case Study: Flooding Protection

» Concepts for Below-Grade Waterproofing

56
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Common leakage paths:

FINISHED
GRADE

e Surface run-off

* Water against the
foundation wall

* Groundwater
hydrostatic pressure

57

Common Types of Below-Grade Leakage

Grade slopes Water against
towards foundation wall
foundation wall (frozen ground)

Solution: extend
waterproofing
above grade

FINISHED |
GRADE I

58
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"-_I_VIat slab-to-wall construction joi
Most common type of below-g;'r;!td&
« Failed Waterstop and wate?ﬁroo—fig_‘gi_
Water migration .

4 - g
s s § Pt
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Why do below-grade waterproofing systems
require special attention?

1) Only “one chance” to get it right — inaccessible after
construction. (Repairs are impractical after construction
because of expense and disruption).

2) Waterproofing installation must be coordinated with the
construction of the foundation.

3) Leakage water can travel laterally in cracks and
between waterproofing and structure.

65

Considerations When Selecting a Below-
Grade Waterproofing System

* |s the structure into the water table? Hydrostatic
pressure will force water through smallest defects.

» Use of space? How reliably dry does it need to be?

» Complexity of below-grade structure? A lot of
transitions, details, and individual concrete elements
(placements) make it difficult to install continuous
membrane.

66
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I Low Tolerance for Leakage

67

I Below-Grade Waterproofing

Site dewatering - Pumps

N

68
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Address complex
substrates:

* Create smooth,
even substrates

e Minimize complex
transitions details

* Plan for
transitions
between sections

69

Little Preparation of Excavation

* Many corners
* Nothing smooth

» Expect leakage

70
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Below-Grade Waterproofing Success Requires
a High-Level of Coordination at Construction:

« Provide sequence drawings where
needed and appropriate

* Require shop drawings showing
sequencing and coordination

* Meetings with all trades
* Field monitoring
e Waterproofer “on standby” for repair

(6) STRUCTURR,
U8

(£} STRUCTURAL
sug

/" \_E.J. AT BUILDING CORNER
()

|
Al

72
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Damage to Waterproofing from Construction

© Simpson Gumpertz & Heger Inc. 37
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Concepts for Below-Grade Waterproofing

Option 1: Waterproofing without Sub-Slab Drainage

Option 2: Waterproofing with Sub-Slab Drainage
(may not be practical in some groundwater conditions)

Option 3: “Box-in-a-Box” (expensive but most reliable)

75

DIRECT-APPLIED, POSITIVE-SIDE WATERPROOFING IN THE WATER TABLE

FINISHED
GRADE

© Simpson Gumpertz & Heger Inc.

FOUNDATION WATERPROOFING
CONCRETE WATERPROOFING \

Wk
N
L
St
- .
o
CONSTANT WATERTABLE LEVEL =
.
» w
s
4 .-f’_\
&ty
B
3
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?. B
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Hydrostatic Pressure Relief Systems:
Foundation and Sub-Slab Drainage

Leakage from hydrostatic
pressure at shrinkage cracks and
pour joints in footing

77

Hydrostatic Pressure Relief Systems:
Foundation and Sub-Slab Drainage

* Lower water table by draining
at level below slab

78
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I “BOX-IN-A-BOX"” WITH SLURRY WALL CONSTRUCTION

FINISH GRADE

LOOR
4 DRAIN

1 [ 1

SLURRY WALLAND C

INTERIOR SEPARATION

wnu.—\

£

7 0 G

{IFE] P2 B L

: INTERIOR FLOOR SLABS

14 2 0 O

FINISH FLOOR AT

11 O 3 |

YBDY‘I’OM ‘OCCUPIED LEVEL

I Types of Below-Grade Waterproofing

Positive Side

Blind Side

Negative Side

Remedial:
e Chemical Grout Waterproofing

Hydrostatic Pressure Relief Systems

80
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I Types of Positive-Side Waterproofing
Membranes

» Self-adhering modified bituminous sheet

» Hot-applied rubberized asphalt

» Spray and liquid-applied elastomeric coatings

» Bentonite (also used in blind-side waterproofing)

* Thermoplastic/bentonite composite sheet

81
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Thermo-Plastic Bentonite Composite

84
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Blind-Side Waterproofing

* Installed against excavation shoring before concrete
Used where outside of foundation wall is inaccessible

Types:

coating
* Bentonite (also used in positive site applications)
* Others

Must allow for connections at transitions and perimeters
Vulnerable to damage during steel reinforcement install

* HDPE (High-density polyethylene) with pressure-sensitive

85
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Types of Negative-Side Waterproofing

» Chemical grout injection
(polyurethane, others)

* Metallic - older than
other products (ironite)
» Crystalline — applied to

cured or uncured
concrete

90
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Crack Injection - Cast-in-place
Concrete Wal|

out travel width of wall

+  May affectwaterproofing

Case Study
Retail Space Below Grade
Massachusetts

92
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I Basement Level Building at Low Point
at Intersection

© Simpson Gumpertz & Heger Inc. 47
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I Flooding Due to High-Intensity Storm

95

96
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Flood Protection Measures

* Flood barrier at entrances
* Raise curbs
* Waterproofing

M) 3 4'=07 LONG EA

(£) MOl .
- .
EMEED POSTS M N} CONC. SOE. CINTERED OM POSTS

O TOP OF (E) CURB TO
AND WATCH CURB CAP HEIGHT

{E) CONC. CURE

#3812 w/ STD 150
CECREE HOOK CTRO.

EMBECCED N (E) COMNC.
WTH EPCHY ADHESHE

{f) Suoem
CONCRETE SLAB

CONCRETE CURB CAP CONCRETE KNEE WALL AND WINDOW WALL ABOVE
v SECTION VIEW ™

97

Flood Barrier Protection

Photo
Provided by
PS Doors

98
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© PS DOORS 2014
ALL RIGHTS RESERVED
NO PART OF THIS VIDEO OR ANY OF ITS CONTENTS MAY BE
REPRODUCED, COPIED, MODIFIED, OR ADAPTED WITHOUT THE
PRIOR WRITTEN CONSENT OF THE AUTHOR, UNLESS OTHERWISE
INDICATED.

CONTACT INFORMATION:
PS DOORS
1150 SOUTH 48TH STREET
GRAND FORKS, ND 58201, USA
4PSINFO@PSDOORS.COM

99

SHEET MEMBRANE
WATERPROCFING

BRICK VENEER, MASONRY TIES NOT
SHOWN FOR CLARITY. SEE
SPECIFICATION FOR TIE SPACING
REQUIREMENTS.

El

SEALANT
COVEBEAD

PROVIDE SHEET METAL
CLOSURE TO PROVIDE
SUBSTRATE FOR LIQUID
MEMBRANE ROOFING

LIQUID APPLIED

T

WATERPROCFING

NEW DOOR SHOWN
SCHEMATICALLY,
SEE ARCHITECT'S
DRAWINGS.

RELEASE TAPE

SEALANT, T‘l‘P.”X

STEEL TUBE FOR FLOOD BARRIER SHOWN
SCHEMATICALLY, PROVIDED BY PS DOORS.
SEE CIVIL DRAWINGS.

/SNAP ON TRIM TO MATCH

PASSAGE DOOR FRAME.
FASTENERS NOT SHOWN (SEE
ARCH.)
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(E) STEEL COLUMN,

EXTENT OF EXISTING INFILL MASONRY IS _\
UNKNOWN. REPAIR AS NECESSARY.

- /—{E) 8" CMU

/(E) 4" FACE BRICK

SHEET MEMBRANE

WATERPROOFING

CONFIRM INFILL IS RELIABLY ANCHORED
TO STEEL COLUMN. \

EXTENDED CONCRETE CURB:
LIQUID MEMBRANE

WATERPROOFING\

4 g Y 4 -
WPO3, : R a4 -
a4 o o <-

PROVIDE SHEET METAL
CLOSURE TO PROVIDE

5 SUBSTRATE FOR LIQUID

MEMBRANE ROOFING

L . _
a at
4 . A
BACKER ROD AND \_EXTEND METAL FLASHING CONTINUOUS ARGUND
SEALANT FRONT OF “FIN® WALL. (SIM.)
PROVIDE NEW BRICK TIES AT 16" 0.C. HORIZ. AND VERT, {NOT

SHOWN) AT ALL AREAS OF REBUILT MASONRY.
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Waterproofing to Protect Against
Flooding and Below-Grade Leakage

Extend below-grade waterproofing above grade or finished
paving and integrate with above-grade wall waterproofing.

Provide adequate drainage.

Select waterproofing system with successful track record
and design to address weaknesses.

Use a “belt and suspenders” approach for below-grade
waterproofing because of high-risk.
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Credit(s) earned on completion of
this course will be reported to AIA
CES for AIA members.
Certificates of Completion for both
AIA members and non-AlA
members are available upon
request.

This course is registered with AIA CES
for continuing professional
education. As such, it does not
include content that may be deemed
or construed to be an approval or
endorsement by the AIA of any
material of construction or any
method or manner of

handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion
of this presentation.

Copyright Materials

This presentation is protected by US and International Copyright laws.
Reproduction, distribution, display and use of the presentation without written
permission of the speaker is prohibited.
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This concludes The American Institute of Architects
Continuing Education Systems Course

Gregory R. Doelp, P.E.
Senior Principal

P GRDoelp@sgh.com
SIMPSON GUMPERTZ & HEGER

Engineering of Structures Aaron R. Lewis, P.E.
19y Enclosures Associate Principal

Alewis@sgh.com
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