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Learning Overview:

ÁUnderstand your site, your building and your context 

to understand your risk

ÁLearn about water management systems at your 

building and site

ÁIdentify when you have moisture intrusion 

ÁSpeak confidently with specialists about repairs and 

preventive measures
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Water in the Built Environment 
The Basics



Water in the Built Environment 

ÁStates of water

Á Solid (ice), liquid (water), gas (vapor/steam)

ÁHow water moves

Á Cohesion 

ÁMolecular bonding 

ÁH20 molecules easily bond with each other and many 
other molecules in the environment like salts, sugars, 
alcohols 

Á Adhesion

ÁSurface tension (water) and adsorption (vapor) 

ÁThe very strong bond between water molecules 
causing them to stay close together compared to 
bonding with other surfaces 

ÁWater sources in built environment

Á Ground water, bodies of water, precipitation, 
humidity, piped water 

The Basics: Water
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Source: teacherspayteachers.com, Mary Alejandro



Water in the Built Environment 

ÁNegative effects water exposure can 

have on collections:

ÁMold growth

ÁStaining/discoloration

ÁFusing

ÁDistortion

ÁCorrosion

ÁDelamination 

ÁDisintegration & rot

ÁPest colonization

ÁEmbrittlement from wetting & drying cycles

The Basics: Water and Collections
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Source: National Park Service



Water in the Built Environment 

ÁNegative effects water exposure 

can have on buildings:

ÁDislocation/structural damage

ÁBiogrowth

ÁMold, fungi, vegetation

ÁStaining/discoloration

ÁCorrosion

ÁDelamination 

ÁDisaggregation 

ÁRot

ÁPest colonization

The Basics: Water and Buildings
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Source: Philadelphia Inquirer



Information Gathering on 
Water -Related Vulnerabilities
Research



Information Gathering on Water -Related Vulnerabilities

ÁTopography

ÁMountains, hills, valleys, flatlands, deserts, 

coastlines, basins, beaches, prairies/plains, 

islands, etc. 

ÁEcology

ÁNaturally occurring

ÁTrees, plants, grasses, invasive species, etc. 

ÁBiodiversity

ÁDesigned

ÁGardens, arboretums, non-native species, 

etc.
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Site Geotechnology  and Risk Research: 
What?



Information Gathering on Water -Related Vulnerabilities

ÁGeotechnology
Á Geological composition

ÁPorous vs impervious rock formations (ex. limestone vs granite)

Á Soil composition 

ÁWell draining vs poorly draining soil

ÁCompaction (bad)

ÁAeration (good)

ÁDrainage capacity

ÁFastest to slowest draining: 

1. Gravel/rocky

2. Sand

3. Loam

4. Silt

5. Clay
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Site Geotechnology and Risk Research: 
What?



Information Gathering on Water -Related Vulnerabilities

ÁHydrology  

ÁWater Features

ÁSurface water: oceans, seas, lakes, ponds, 
rivers, creeks, streams, glaciers, springs, 
wetlands, etc.

ÁGround water: aquifers, subterranean/

covered rivers, streams, etc.  

ÁSubject to atmospheric tides

ÁPrecipitation 

ÁAnnual measurements, intensity, 
seasonality, types 

ÁPast flooding events
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Site Geotechnology and Risk Research: 
What?

Source: Science Direct



Information Gathering on Water -Related Vulnerabilities

ÁDrainage systems and water management 

infrastructure 

ÁGrading 

ÁDrains

ÁCatch basins 

ÁStorm drains

ÁSewers

ÁPermeable vs Impermeable Surfaces 

ÁHardscapes

ÁParking lots, streets, concrete sidewalks, patios, adjacent 

buildings

ÁSoftscapes

ÁPlants, soil, natural stone, rain gardens, permeable pavers
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Site Geotechnology and Risk Research: 
What?

Source: Zoltan Landscaping



Information Gathering on Water -Related Vulnerabilities

ÁFederal

ÁFederal Emergency Management Agency 

ÁUnited States Geological Survey

ÁMunicipal

ÁDepartment of Environment

ÁDepartment of Public Works

ÁPublic archives (think old maps!)

ÁAcademic/Private

ÁLocal universities & organizations

ÁFirst Street 
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Site Geotechnology and Risk Research: 
How?

Source: National Flood Insurance Program



Information Gathering on Water -Related Vulnerabilities

ÁInstitutional records & knowledge

ÁRepair & replacement history

ÁHistory of water issues

ÁAdministrative records

ÁArchitectural drawings 

ÁBuilding materials and design 

ÁPlumbing & drainage systems

ÁChanges to original design
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Building History Research

Source: texashistory.unt.edu



Information Gathering on Water -Related Vulnerabilities

ÁPublic Permits & Filings

ÁDepartment of Buildings

ÁCode requirements at time of 

construction/installation (if applicable)

ÁChanges to structure

ÁChanges in use

ÁMunicipal archives 

ÁWarranties & Labels

ÁAge of systems

ÁService life of systems
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Understand Your Building: 
How Itõs Built
Roofs, Walls & Foundations



Understand Your Building: How Itõs Built

ÁRoof Formats

ÁHigh (conventional) slope

ÁLow slope 

ÁFlat (~min Ĳó slope toward drains)

ÁAnatomy of a Roof

ÁWood, metal, concrete framed 

ÁRafters, collar beams, ridge boards, 

rakes, fascia, purlins, joists, parapets, 

etc. 

ÁDeep & shallow eaves

ÁFlashing, gutters, internal drains and 

downspouts

Roofs
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Source: International Association of Certified Home Inspectors



Understand Your Building: How Itõs Built

ÁTypical roof coverings

ÁShingles

ÁWood, asphalt, slate, metal, asbestos, 

rubber, plastic

ÁClay/concrete tiles

ÁSynthetic membranes

ÁWith or without ballast (gravel, pavers, 

etc.)

ÁGreen roofs

ÁGlass (skylights) & photovoltaics

Roofs
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Source: State Design Collection



Understand Your Building: How Itõs Built

ÁWood framed bearing 

walls on a masonry 

foundation

ÁExterior cladding

ÁWood clapboards, board and 

batten, tongue and groove, 

shingles, etc.

ÁMasonry infill with veneer

ÁBrick, stone, stucco, terra cotta, 

artificial stone panels 

ÁRoof usually framed in wood 

Solid Wood Framed Walls
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Source: Fine Homebuilding



Understand Your Building: How Itõs Built

ÁMasonry framed bearing walls 

on a masonry foundation 

ÁExterior Framing Materials:

ÁBrick, natural stone, concrete, structural 

terra cotta, decorative terra cotta, cast 

stone exterior framing 

ÁInterior framing materials:

ÁLumber, masonry, or metal (steel or cast 

iron)

ÁNo steel or iron exterior framing 

ÁRoof usually framed in wood or metal 

Solid Mass Masonry Walls

19 Wiss, Janney, Elstner Associates 

Source: Masonry Magazine



Understand Your Building: How Itõs Built

ÁStud framed 

ÁWood or steel 

ÁConcrete block framed

ÁVeneers with weep holes

ÁEIFS (Exterior Insulation and Finish 
System)

ÁFormed concrete framed 

ÁPoured or precast

ÁCMU (concrete masonry unit) infill

ÁAdhered or hung veneer cladding

ÁComposite rainscreen walls

ÁHung veneer

Concrete Cavity Walls
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Source: The Construction Specifier



Understand Your Building: How Itõs Built

ÁSteel or iron framed with 

infill 

ÁMasonry infill

ÁConcrete block infill

ÁFormed concrete infill

ÁMasonry veneers

ÁMetal framed curtain walls

ÁGlass panels 

ÁArchitectural panels 

Metal, Curtain, & Rainscreen Walls
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Source: City Tech, CUNY.edu



Understand Your Building: How Itõs Built

ÁResidential, small to medium 
commercial

ÁMat/Raft

ÁConcrete slab over a graded gravel 
bed and compacted earth

ÁSpread footings

ÁTapered wider to slimmer masonry 
around building wall perimeter

ÁBasement foundations

ÁImpervious stone, poured concrete or 
concrete block walls around building 
perimeter 

ÁRaised/Open Piers with Crawlspaces

ÁMore common in flood prone areas

Shallow Foundations
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Source: Chakor Ventures



Understand Your Building: How Itõs Built

ÁResidential, small to medium 

commercial

ÁMat/Raft

ÁConcrete slab over a graded gravel bed and 

compacted earth

ÁSpread footings

ÁTapered wider to slimmer masonry beneath 

columns or around building wall perimeter

ÁBasement foundations

ÁPoured concrete or concrete block walls 

around building perimeter 

ÁRaised/Open Piers with Crawlspaces

ÁMore common in flood prone areas

Shallow Foundations
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Source: FX Concrete



Understand Your Building: How Itõs Built

ÁResidential, small to medium 

commercial

ÁMat/Raft

ÁConcrete slab over a graded gravel bed 

and compacted earth

ÁSpread footings

ÁTapered wider to slimmer masonry 

around building wall perimeter

ÁBasement foundations

ÁPoured concrete or concrete block 

walls around building perimeter 

ÁRaised/Open Piers with Crawlspaces

ÁMore common in flood prone areas

Shallow Foundations
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Understand Your Building: How Itõs Built

ÁResidential, small to medium 

commercial

ÁMat/Raft

ÁConcrete slab over a graded gravel bed and 

compacted earth

ÁSpread footings

ÁTapered wider to slimmer masonry around 

building wall perimeter

ÁBasement foundations

ÁPoured concrete or concrete block walls 

around building perimeter 

ÁRaised/Open Piers with Crawlspaces

ÁMore common in flood prone areas

Shallow Foundations
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Source: G. L. Hunt Foundation Repair



ÁInfrastructure, skyscrapers, very 

large commercial buildings

ÁPiles 

ÁWood

ÁConcrete

ÁCaisson

ÁConcrete

ÁStone

Deep Foundations
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Understand Your Building: How Itõs Built

Source: NYK Building



Understand Your Building: 
Water Management
Historic vs Modern Construction



Understand Your Building: Moistur e Management

ÁSemi-permeable (òbreathableó) 

Materials for Natural Ventilation 

ÁWalls

ÁWood, stucco, stone, brick, plaster, lath, mortar

ÁPaint

ÁOil, mineral, animal protein paints

ÁInsulation

ÁAnimal & plant fiber

ÁSealants

ÁOakum, tar, resin, varnish, bitumen

Natural Ventilation & Cooling in Historic Structures (~Pre -1920s)
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Understand Your Building: Moisture  Management

ÁDesign Elements for Passive 

Cooling

ÁConvection & Conduction 

ÁOpen windows & transoms (cross 

breeze)

ÁHigh ceilings

ÁAir shafts (stack effect)

ÁLouvers & vents

ÁWater features (evaporative cooling)

Natural Ventilation & Cooling in Historic Structures (~Pre -1920s)
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Source: Crawlspace Medic



Understand Your Building: Moisture  Management

ÁDesign Elements for Passive 

Cooling

ÁSolar radiation management

ÁDeep eaves, overhangs, porches, & 

window hoods

ÁShutters & window dressings

ÁReflective light-colored finishes

ÁReflective light-colored roofs

ÁTree cover & vegetation

Natural Ventilation & Cooling in Historic Structures (~Pre -1920s)
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Source: American Alliance of Museums



Understand Your Building: Moisture  Management 

ÁDamp proof course 

Á Low-permeability materials 

ÁSlate, lead, high-fired bricks, hard stones, bitumen 
layers in joints near beginning of foundation

ÁWater tables

ÁProjecting course of brick or masonry sloped 
away from wall to shed water away from 
foundation 

ÁDrip edges

ÁSmall cut or channel at underside of masonry 
unit near edge to break surface tension of water 
causing it to drip

ÁBent edge of sheet metal flashing 

Á Typically found at projecting cornices and sills

Water Shedding and Historic Masonry Structures (~Pre -1920s)
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Source: Building Defect Analysis



Understand Your Building: Water  Management 

ÁDamp proof course 

Á Low-permeability materials 

ÁSlate, lead, high-fired bricks, hard stones, bitumen 
layers in joints

ÁWater tables

ÁProjecting course of brick or masonry sloped 
away from wall to shed water away from 
foundation 

ÁDrip edges

ÁSmall cut or channel at underside of masonry 
unit near edge to break surface tension of 
water causing it to drip

ÁBent edge of sheet metal flashing 

Á Typically found at projecting cornices and sills

Water Shedding and Historic Masonry Structures (~Pre -1920s)
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Source: Wiki Creative Commons



Understand Your Building: Water  Management 

ÁDamp proof course 

Á Low-permeability materials 

ÁSlate, lead, high-fired bricks, hard stones, bitumen layers in 

joints

ÁWater tables

ÁProjecting course of brick or masonry sloped away 

from wall to shed water away from foundation 

ÁDrip edges

ÁSmall cut or channel at underside of masonry unit near 

edge to break surface tension of water causing it to 

drip or 

ÁBent edge of sheet metal flashing 

Á Typically found at projecting cornices and sills 

Water Shedding and Historic Masonry Structures (~Pre -1920s)
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ÁCentral heating, cooling, and 

humidification 

ÁSealed interior environments 

ÁAir Barriers 

ÁVapor Barriers

ÁAir conditioning units

ÁLow solar heat gain glazing

ÁLight colored roof membranes 

Ventilation & Cooling of ôModernõ Structures (~post 1920s)
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ÁElectrical plumbing systems 

ÁSump pumps

ÁBackflow preventers  

ÁRain screen & cavity walls

ÁAir & vapor barriers, waterproof 

membranes

ÁBreathable barriers, waterproof 

membranes, flashing, sealants, cladding 

materials, drainage mats 

ÁWeep holes

ÁOpen joints, tubes, ropes

Water Shedding of ôModernõ Structures (~post 1920s)
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Understand Your Building: Water  Management 

Source: Square One Insurance



ÁElectrical plumbing systems 

ÁSump pumps

ÁBackflow preventers  

ÁRain screen & cavity walls

ÁAir & vapor barriers, waterproof membranes

ÁBreathable barriers, waterproof membranes, 

flashing, sealants, cladding materials, drainage 

mats 

ÁWeep holes

ÁOpen joints, tubes, ropes

Water Shedding of ôModernõ Structures (~post 1920s)
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Understand Your Building: Water  Management 

Source: Green Building Advisor



ÁElectrical plumbing systems 

ÁSump pumps

ÁBackflow preventers  

ÁRain screen & cavity walls

ÁAir & vapor barriers, waterproof membranes

ÁBreathable barriers, waterproof membranes, 

flashing, sealants, cladding materials, drainage 

mats 

ÁWeep holes 

ÁOpen joints, tubes, screens, ropes

Water Shedding of ôModernõ Structures (~post 1920s)
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Understand Your Building: Water  Management 

Source: Green ABI Home Inspection Services



Understand Your Building: Water  Management

ÁStructural decking/sheathing 

ÁHistoric

ÁLumber, terra cotta tile, gypsum tile, cement tile 

ÁModern

ÁLumber, plywood, OSB, concrete, metal, structural foam 

ÁRigid Foam Insulation

ÁUnderlayment

ÁVapor barriers

ÁNailing planks

ÁFlashing & Gutters

ÁCoverings  (shingles, tiles)

Waterproofing: High -slope Roofs
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Source: J&K Roofing



Understand Your Building: Moisture  Management

ÁAssemblies

ÁòPerfectó Roof

ÁStructural deck, vapor barrier, rigid 

insulation with taper (polyiso), cover 

boards, membrane

ÁInverted roof (IRMA)

ÁStructural deck with slope, membrane on 

deck, drainage course, rigid insulation 

(XPS), overburden (stone, pavers, plants)

Waterproofing: Low -slope & Flat Roofs
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Understand Your Building: Water  Management

ÁTypes

ÁSingle-ply

ÁPros: cheaper, faster to install, some are 
light colored for heat reflection, 
lightweight

ÁCons: shorter service life, less durable

ÁTypes of single -ply

ÁEPDM: ethylene propylene diene 
monomer (synthetic rubber) 

ÁTPO: polypropylene & ethylene 
propylene rubber 

ÁPVC (polyvinyl chloride)

ÁModified bitumen (asphalt sheets) 

Waterproofing: Low -slope & Flat Roofs
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Source: C&D Suffolk & Roofing



Understand Your Building: Water  Management

ÁTypes

ÁMulti -ply (aka built -up roof)

ÁPros: more durable, heat absorbing 

(if desired), no seams, low 

maintenance

ÁCons: less environmentally friendly, 

more expensive, more complicated 

to install, heavier

ÁMaterials for multi -ply

ÁReinforcing roofing  felts (fiberglass)

ÁLiquid bitumen (aka asphalt) 

ÁEmbedded gravel aggregate 

Waterproofing: Low -slope & Flat Roofs
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Understand Your Building: Water  Management

ÁControl Layers

ÁWater control layer ( WRB)

ÁExterior building wrap  membrane, vapor permeable 
membrane 

ÁAir control layer (air barrier)

ÁInterior building wrap membrane, self -adhered 
membranes, fluid-applied membranes, exterior 
gypsum board or sheathing

ÁVapor  control  layer  (vapor retarder)

ÁThick polyethylene plastic, foil-backed plasterboard, 
foil -faced insulation, elastomeric coatings

ÁTherman control layer (insulation)

ÁSpray foam, rigid foam board, mineral wool, fiberglass

Waterproofing: Cavity, Rain Screen, and Curtain Wall Assemblies
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Source: High Performance Building


