MM ALS Notes

Site Work

Site Considerations
Sound

Precipitation

Sun

Wind

Views

Vegetation

Soil

Topography

Water

Soil Types

Rock – Bedrock – Solid material that forms the crust of the earth (strongest support for foundations)
Slate/Shale – Fine textured soft rock

Boulders – Detached rock from bedrock

Decomposed Rock – Disintegrated rock masses that were originally solid
Hardpan – Consolidated mixture of gravel, clay & sand (good foundation base)

Gravel – Granular rock, particles ¼” – 3 ½” in size, if larger called cobble stones if still larger boulders
Sand – Loose granular rock, particles .002 – ¼” in size.  Not plastic or cohesive in pure state.  Sand and gravel are coarse grained soils.  Excellent foundation base, excellent drainage, permeable.

Silt – fine-grained sedimentary material left by running water, particles less than .002 in size.  When mixed with water it forms mud.
Clay – Fine-grained, firm cohesive, formed from decomposition and hydration of certain rock.  Plastic when wet relatively hard when dry.  May swell when absorbing water and shrink when drying.  Least stable and predictable.  May have adequate support but must be looked into carefully.

Quicksand – Mixture of Sand and Moving water.  Completely unstable.

Soil Exploration and Testing

Subsurface exploration must be done to understand a site’s soil conditions.
Many tests can be done.

Test Pits – Simple excavation.  Direct visual inspection of soil layers with access to undisturbed samples for additional lab tests.  Not dug below the water table because they can get costly.

Soil load tests – Loading platform is used.  Incremental loads are applied; each load is maintained till the settlement becomes negligible for a period of several hours.  Test is continued till the settlement becomes regular with additional loads.  Test load = double the design load.

Borings


Auger Borings – bring up soil samples.  Stops at first obstruction.  Most effective in sand or clay no deeper than 50’

Wash Borings – Good for locating bedrock when an auger won’t work.2-4” pipe with a smaller jet pipe.  Material is washed up and mixed.  Boulders often confused for bedrock.  Can go down 100” or deeper.


Core Borings – Most expensive.  Diamond drill can cut through rock


Dry sample borings – Split sampling pipe driven at 5” intervals

Analysis is done be a soil engineer or agency (geo-technical)

Soil Properties

Properties soil is tested for

Specific gravity – void ratio
Grain Size – permeability, frost action, compaction & shear strength

Grain shape – shear strength

Liquid & plastic limits – compressibility & compaction values

Water content – compressibility & compaction values

Void ratio – compressibility

Unconfirmed compression – shear strength

A soil report is prepared with the recommended foundation type to be used

Soil & Site Problems
Settlement
Slight uniform settlement is fine

Differential settlement may cause failures or serious cracks

Constant checking during construction is required

May continue for several years after construction is complete

Some soils can take a long time to consolidate, moisture can change or movement within the earth can happen

Frost Action

Freezing and thawing can cause the earth to move

Stress on the building and foundation

Footings must be 1’ under the frost line

Earth Movement

Prevalent with clay sub-soils
Where variations in moisture are common movement is greater

Movement can be slight as little at 5’ down

Problems can occur where footings are at multiple depths

Excavation can change moisture content

Sloping layers of earth move as a mass with excessive moisture

Structures can tilt as a result.

Soil Drainage
Many severe problems are caused from the presence of moisture
Water Table

The level at which all soil is saturated with ground water

Follows the ground surface

May change because of season, precipitation or developmental changes

Foundations should be well above the water table
Damage can be caused from hydrostatic pressure and capillary action

Proper drainage systems should be in place to divert water away from foundations

Drain tiles should be 6” dia. Min. in a gravel or porous bed 6” below the footing

Slabs on grade are set on gravel = no hydrostatic pressure

Instead of solid pipe with open joints round and half round tiles can be placed at the bottom
A preformed water stop can be used between the slab and the foundation wall to seal the joint

Drainage

Directing water away from all structures
Grading or shaping the site does this, gradual transition from high to low

Gutters, flumes and berms gentle warp of paved surfaces carry water to yard drains, catch basins and underground storm lines

Soil Modification
Soil can be modified for consistency, dependability, bearing capacity.

Increase the bearing capacity be enlarging or deepening the footing

Drainage can also improve soil

Undesirable soils should be removed and replaces with granular materials

Hardpan can be artificially produced to improve undesirable soils

Density is a rough measure of strength
Reduction of void volume = soil improvement

Adding compacted ash, subsurface drainage or lots of short piles

Sheepsfoot roller- rollers have drums with many protruding studs, each similar to a sheepsfoot, that provide a kneading action.  Most recognizable compaction device around the world

Over compaction will improve strength but may produce an unstable structure

All modifications should be approved by the local building department

Site Preparation

Things a site must be cleared of before construction starts – existing structures to be demoed (including all footings, foundation walls and existing utility lines), plant material including grubbing all roots and tree stumps (plant material to remain must be protected)

Batter boards – boards offset from the building footprint, string is used to locate the building lines.  Corner stakes are lost during excavation.

Top 6” of top soil is removed and stockpiled for later use

Topsoil is used as final landscaping for the finish grade

Where topsoil isn’t good new soil is hauled in

Excavation

All grading work (excavation, rough grading, finish grading)

Excavation

Removal of existing soil to permit foundation construction

Can be done by hand or machines (most common)

Permanent cut slopes no greater than a 1 ½ h to 1 v 

Permanent filled sloped no greater than 2 to 1

1 cu. Yard earth = more than a ton

Grading

The alteration of the sites contours (machines)

Rough grading – addition or removal of earth prior to construction

Finish grading – final distribution of earth at the end of construction (accurate with in 1”) final sloping of a site

Backfill

Earth that is replaced around a foundation or retaining wall after the formwork has been removed

Should not be placed more than 6-12” in depth at a time with compaction and tamping in between

If placed over drain lines no debris, rock or other hard material should be present

Foundations

Foundation – the part of the structure that transfers the loads of a building to the soil

Footing – a widened part of the foundation to spread the loads over a large area of soil

Building load should always be under the safe bearing capacity of the soil to avoid cracks, uneven settlement and failure

Shallow Foundations

Spread footings are most economical when soil close to the surface is of adequate bearing capacity

Column footing – square or rectangular pad of concrete that spreads the column load over a large area so bearing capacity is not exceeded
Wall footing – continuous spread footing that serves the same under a wall

Combined or Cantilever footing – connects exterior column footing to the first interior column footing

Mat footing (raft foundation) – one large footing under the entire building (used when soil conditions are poor)

Boat footing – similar to a mat, placed at a depth so that the soil removed is equal to the load of the building, little or no new load is added

Deep Foundations

Piles are used if upper soils have insufficient bearing capacity

Piles transfer load by skin friction or by end bearing

Can be made of wood, steel, concrete or a composite of 2 materials

Wood – must be below permanent ground water level

Precast concrete – round, square or octagonal, often prestressed

Cast-in-place concrete – driven with mandrel core, removed before pouring

Concrete filled steel pipe – driven with a sealed tip then filled with concrete

Structural steel – for dense earth and heavy loads (H section)

Sheet piling – may be used as a water dam

Choice depends on size of load and moisture

Concrete are most suitable overall

Driven into the ground by steam, air, diesel hammers or jetted into place

Concerns – over excavation, alignment, drift

Pile driving formulas, pile load tests, static pile formulas used to calculate safe bearing capacity

Drilled pile – vertical shaft drilled into ground filled with concrete if bearing by skin friction

Driller caisson if by end bearing

Caisson – waterproof box-like structure in which construction work can be done below water level

Cofferdam – a watertight, temporary structure placed under water and pumped dry to allow construction work to be preformed

Temporary Structures

Sheeting – temp wall of wood, steel or precast concrete to retain soil around an excavation
Slurry wall - type of sheeting, narrow trench is dug and filled with a soupy mixture (slurry) of bentonite clay (or Portland cement) and water (resists earth pressures).  After trench excavation is complete, re-bar is put in place then concrete is placed from the bottom up and the slurry is pumped out

Bracing – used to brace sheeting

Rakers – diagonal braces

Rakers get in the way, tiebacks into surrounding soil or rock can be used instead

Underpinning – to support existing foundation walls being extended downward to the level of the new, deeper foundation.  Uses needle beams and pipe cylinders and hydraulic jacks

Site Improvements
Roads, walks, fences, walls, lighting
Asphalt Paving

Applied hot or cold in a single layer over prepared foundation (sub-base course of crushed stone or gravel covered by a base of fine aggregate rolled and tamped) 2-3” thick

Surface drainage is critical (i.e. ponding = harmful)

Asphaltic concrete – asphalt cement and graded aggregates mixed in a plant, transported to the site and spread, rolled while still hot

Cold laid asphalt – same as asphaltic concrete but cold liquids are used

Asphalt macadam – base of crushed stone, gravel or slag compacted smooth, sprayed with asphalt emulsion or hot asphalt cement, covered with fine aggregate then rolled till fine agg. fills the voids from the course.

Other paving methods

Brick paving – popular and durable for foot traffic.  Lain over sand or sand/cement bed, more permanent over concrete slab.  Must have proper drainage.

Stone cobbles – mostly decorative.  Best stones are rounded river bed stones 2-4” dia. closely set in mortar.  Many patterns or random
Granite setts – small rectangular or square blocks of granite set in cement mortar.  Very durable.  (streets were often paved in this fashion)  High cost so mainly decorative now.

Flagstone – thin slabs of slate, bluestone or soapstone.  Many textures, various colors.  Installed over sand bed or on a concrete slab

Paving patterns – brick basket weave, brick herringbone. Running bond brick, flagstones all sides sawed and squared, 2 sides sawed, no sides sawed (random shapes)

Grade Changing Devices

Retaining wall, battered wall (upside down keystone), cribbing (like wood fence) or stone riprap (like steps)

Used to modify the finish grade of a site

Concrete
Mixture of fine aggregate (sand), coarse aggregate (gravel or crushed rock), Portland cement and water

Aggregates are inert, cement and water active

Dry are mixed well with each other first.

Chemical reaction takes place when water is added

Hydration – chemical reaction that takes place when water is added

This causes the concrete to harden

Must be kept moist during curing

Concrete is used for all structure types

Used for, foundations, walls, columns. Floors, beams, roofs, precast panels (floors and walls), thin-shell structures, rigid frames, decorative cast shapes, bricks and blocks

All purpose material

Background

2,000 years ago first ‘concrete’ was slaked lime and pozzolana (volcanic ash), stone and water.  Most likely an accident – very primitive
Can be used anywhere

Basic ingredients are virtually the same

Minimum of skilled labor to make and place

Strong as natural stone, durable, resistant to exposure, final shape unusually flexible

1824 Portland cement became a manufactured product

Portland cement is readily available, cheap, strong and uniform

Concrete alone no tensile strength
Ferroconcrete = concrete with iron reinforcement

Composition of Concrete

Cement

A material that is able to unite non-adhesive materials into a solid mass

Portland cement – most widely used cement

Manufactured from lime, silica, iron oxide and alumina
Proportioned, ground and burned to form clinkers, then crushed to form cement

Hardens be reacting to water

Forms a paste, loses plasticity as it sets

Initial set – 1 hour

Final set – 10 hours

Keeps hardening over a long period of time

Cement paste – chemically active part of the matrix

Type I – Standard, general all-purpose

Type II – Modified, for slow setting and less heat

Type III – High early strength, for quick setting and early strength

Type IV – Low heat, for very slow setting (little heat)

Type V – Sulfate Resisting, for alkaline water and soils

Aggregates

Chemically inert

Affect the quality of the concrete; reduce shrinkage, filler, for economy

Fine aggregate – (usually sand) ¼” or less in diameter

Coarse aggregate – (gravel or crushed rock) ¼” – 1 ½” in diameter
For large uses may contain natural stones or rocks up to 6” in size

Should be – hard, durable, clean, free from harmful matter that adversely affects the mix

Bank run – totally rounded shapes
Crushed – irregular angular shapes, strength consistent with type of rock

Crushed are preferred

Rounded, less cement needed

Critical to the proper mix

Mix is large and small agg. Till all voids are filled

Predetermined particle sizes

Each particle needs to be coated

Max agg. Size no greater than 1/3 the thickness of slabs or ¾ min space between reinforcing

Addmixtures

Sometimes added to have special qualities

Also surface applications including, hardeners, pigments, special aggregates, sealers, abrasives, fillers

Sometimes have air-entraining agents, accelerators or retarders

Accelerators – Calcium chloride – speed up setting time

Air-entraining agents – Resins, fats and oils – resist freezing action

Retarders – starches, sugars, and acids – slow down setting time

Waterproofing – stearate compounds – decrease permeability

Water-reducing – organic compounds – reduce water content

Workability agents – powdered cilicas and lime – improve workability

Regular concrete = 150 lbs/ cu. Ft.

Sack of Portland cement = 94 lbs.

Aggregates by weight (dry sand and gravel = 100 lbs./cu.. ft.)

Water by gallon = 8lbs.

Small uncontrolled work, mix by volume (i.e. 1:3:5 mix 1 cement, 3 fine agg., 5 coarse agg.)

Water-Cement Ratio
Most important factor
Expressed in gallons per sack of cement

Major controlling factor of strength and durability

Max strength by min amount of water for hydration but to dry and unworkable

Workable mix always has more water than amount for max strength

Increase water = decrease strength, increase workability

Optimum ratio = min. amount of paste that will coat each agg. Particle and fill voids maintaining required strength and adequate workability

Excess water is bad – it will reduce strength and durability may also produce laitance

Laitance – mortar or grout scum on the surface of concrete

Must be removed before new concrete is places

Strength

Compressive strength = 28 days old

Wide range of values

7 gal./ sack = 3,000 psi

Usual range is 3,000 – 6,000 psi

4,000 psi most common

High-early can develop strength is 7-14 days

Mixing

Mix until uniform in appearance and all ingredients are evenly distributed
Small jobs – mix by hand, no precise

Commonly mixed in a plant, truck or both

Ready-mix concrete – completely mixed at a plant and brought by agitator truck to the site, must be placed within 1.5 hours after water is added

Transit-mixed concrete – mixed completely mixed in a truck mixer.  Dry ingredients are in chamber, truck has a water tank and water is added once at the site

Transit mix truck may pick up partial mixed and complete in transit

Formwork

Molds that concrete is placed into and holds the shape till hardened and able to support its own weight

Job constructed or prefabricated units of standard lumber, plywood, metal, fiberboard, paper pulp or reinforced synthetics

Most important – must be strong and stiff enough to support the weight and fluid pressure of the concrete

Must be tight, no big loss of cement

Type of formwork (characteristics) should be chosen carefully

Form ties – metal devices used to prevent forms from spreading

Location will affect final design appearance

Types – flat strap (break off), she-bolt tie (screw off), pull-out tie (break off), wire tie (twist off), he-bolt tie (screw off), and drive-wedge tie (saw off)

Where earth is firm and stable parts of forms may be eliminated
Forms are coated with oil to prevent water absorption or a bond with the concrete, coat before the steel

Costly, major cost of concrete work

Make sure – practical to erect, simple to strip, capable of being reused

Reinforcing Concrete

Strong in compression, weak in tension
Reinforcing steel resists tension

Compatible materials, almost same coefficient of expansion

Concrete is impervious to fire & protects the steel from fire

Bonds well together

Usually round bars or welded wire fabric

Rebar is deformed (have regular deformations) helps bond with the concrete
Designation by eight’s of an inch

Standard sizes #3 (3/8” dia.), #11 (1 3/8” dia.), #14 (1 ¾” dia.), #18 (2 ½” dia.)

Specified by ASTM designation – ASTM A615 (billet steel), ASTM A616 (rail steel), A617 (axle steel), ASTM A706 (low-alloy steel)

Grade designations – 40, 50, 60, 75 (i.e. 40 = 40,000psi, min. yield strength etc.)

Most common designation is ASTM A615 Grade 60

Bars have rolled in markings – shows mill, bar size, type of steel and add’l marking for higher strength steels

Welded Wire Fabric (WWF) – grid of smooth or deformed cold-drawn steel wires welded at all points of intersection

WWF mostly for floors, walls, roofs, or other large expanses of concrete

Designation by size and spacing (i.e. WWF 6x6 – W2.9x2.9 wwf at 6” OC in each dir. Each wire has cross sectional area of 2.9/100 or 0.029 sq. in., 6 gauge wire)

Must be clean, correctly places and have sufficient protective covering of concrete

Must be cleaned of any loose rust, oil, mud, paint or other foreign matter

Lap spliced a specified number of bar diameters

May be butted end to end but must be welded or use a mechanical device

May be preassembled

Structural drawings show placement

Must be held rigidly in place so it doesn’t move while concrete is being poured

Ties, chairs, and supports can be used for this (i.e. high chair, continuous high chair, slab bolster, beam bolster)

Must have adequate concrete coverage

Footings min/ 3” concrete cover

Retaining walls 2” cover

Beams and columns 1 ½” cover

Slabs ¾” cover

Where exposed to possible corrosion bars may be epoxy coated or galvanized

Lightweight Concrete

Structural Lightweight concrete

Disadvantage of concrete – weight

Lightweight agg. = expanded shale or clay

Weight is 90-115 lbs./cu. ft. instead of the usual 150 lbs.

Structural lightweight can be obtained but some differences
Max coarse agg. ¾” air-entraining almost always used

Workability easier, modulus of elasticity lower (greater deflections), drying shrinkage greater, thermal insulation better, cost always more

Insulating Lightweight Concrete

For thermal insulation in roofs

Weighs 15-90 lbs./cu. ft.

Low compressive strength

Aggregates are expanded materials – perlite, vermiculite

Some with no fine agg. = has voids

Also can incorporate cellular structure  of air voids, pre-formed or formed in place forms

Placement of Concrete

Prior to placement trenches and formwork should be cleaned out, checked for position and wood should be moistened

Can be placed by spouts or chutes, pumped, placed pneumatically (gunite), deposited under water with a tremie

Must be even, continually to avoid segregation

When new put on old, old must be moistened and roughed up
Place as close to final location as possible

No dump one load and spread

No drop from high heights (no more than a 3’ drop)

Should be consolidated by hand tools or mechanical vibration to remove air bubbles

Formwork can be vibrated or conc., from within

Greater density, homogeneity, durability, more complete contact with reinforcing

Excessive vibration = bad

Can be placed almost any weather

Special methods during hot and cold

Can’t dry to quick or freeze

Gunite (pneumatically placed) shot into place with compressed air

Good for repair work but can be for new

Good for large thin surface area (swimming pools, to strengthen exist. masonry walls)

Testing

Tests = Slump test, cylinder test

Slump Test

Measured consistency and workability of mix in the field

Slump cone set on level surface filled with conc. straight from mixer in 3 layers (eq. volume) each is rodded, top leveled mold is lifted and placed along side the slumped conc.

Acceptable slump 2-6”

Too much = too wet and loose

Too little = too stiff and unworkable

May be tapped (shows workability)

Cylinder Test

Measures the compressive strength
Standard test cylinders at 6” and 12” dia.

Each batch of conc. 2 cylinders are cast and lab cured for 7 and 28 days

Tested in a crushing machine

If not at correct strength then cores 2-4” in dia. May be cut from actual structure and lab tested for compression

Other tests

Kelly ball test – measures workability,  30 lb., 6” dia. hemisphere is dropped from a std. height onto the fresh concrete.  Penetration into the concrete is measured.  Can be directly related to slump
Impact hammer test – common non-destructive test, rebound of a spring loaded plunger is measured.  The rebound gives an approx. indication of strength, not a sub. For cylinder test

Air-entraining tests should be done immediately after discharge from mixed, after placement and consolidation, must do them regularly.

Curing

Maintaining the proper humidity and temperature for satisfactory hydration

Exposed surfaces must be protected

Can cure by: supplying additional moisture to the concrete surface by ponding or sprinkling; using a wet covering such as moist sand burlap or straw; covering the surface with a membrane or curing compound that prevents evaporation; leaving wood forms in place and keeping them moist.

Curing varied 3-14 days

50-70 degrees ideal temp

Shading or additional heat may be required

Concrete Joints

Construction Joints

Horizontal or vertical joints between 2 successive pours

Types – Keyed, stepped horizontal, roughened, keyed vertical

Used where concrete is interrupted or when old meets new

Make sure old surface is roughened and cleaned

Reinforcing often passes through the joint

Always planes of weakness

May be keyed to provide shear strength

Expansion Joints

TO allow free movement within the concrete

May be caused from contraction or expansion

Provide complete separation from structure, footing and roof

Water proof and weather tight

Required in buildings more than 200’ long, joints of building wings, additions to existing buildings, low building abutting high building

Control Joints

Tooled, sawed or pre-molded

Weakened section that induces the cracking along the joint, not random

Isolation Joints

Complete separation between slab on grade and columns or walls (allow independent movement)

Pre-stressed Concrete

Placed in compression by applying tensile force to pre-stressing steel BEFORE external loads are applied
Causes opposite stresses from external loads

Usually results in compression over entire cross section

Results in more efficient and economical use of materials

Smaller members, larger spans, larger loads

No tension cracks

Stiffer members

Higher labor cost, need for quality work

Pre-tensioning – steel is tensioned BEOFRE placing concrete, after conc. Is to strength steel is cut causing a compressive force to be applied

Loss of pre-stress from – creep and shrinkage, slip and friction

Lends to mass production

Post-tensioning – conc. Cast with hollow duct for steel with no bond, after conc. To strength steel is tensioned by jacking anchorages at the ends of the beams (causes compression).  Steel is locked in place by special end anchors and grouted in

Tension losses by – friction, elastic shortening and shrinkage, less than with pre-tension

Conc. and steel in pre-tension must be higher strength than conventional (i.e. concrete should be 5,000 psi)

Types of pre-stressing steel – high-strength bars, single wires, wire strands (7 wires each, one center with 6 around), all called tendons

Pre-cast Concrete

Casting concrete members other than its final location

Can be done almost anywhere

Must verify all elements before using

Greatest economic advantage when may same sizes

Some advantages – better QC, better curing control, castable in all weather, erectable in all weather, faster actual construction time

Precast Floor and Roof Systems

Often prestressed

Variety of planks – hollow core, tongue and groove, channel, double-tee

Used with precast beams and purlins

Can also precast curtain wall panels

Once on site they are handles like any other building material

Tilt-up Construction

Casting a wall panel in a horizontal position and tilting it into place

Solid, reinforced 5-8” thick, long enough to span columns or footings

Various casting platforms, most common slab-on-grade

Must prevent bonding to platforms

Surface may be finished by trowling, floating or decorative finishes (pebbled, grooved, polished, colored…)

May be load or non-load bearing

May rest on slab or span footings

Lift-Slab Construction

Casting floor and roof slabs one upon another and lifting into place

Must use bond breaking agent

Jacks are used

Eliminates most all formwork

Shortens overall construction time

Advantage – all mech pipes, conduit and ducts can be installed  on grade

When raised all utilities have been roughed in

Tube-Slab

Paper tube fillers embedded into conc. to get a flat ceiling with no exposed beams

All mech and duct spaces are concealed

Concrete Finishes

Applied in many different ways

For walls – applied after conc. is set

Floors – while still workable

Walls and Ceilings

Rough, smooth, rubber finish, sand blasted, textured formwork, bush hammered, exposed agg., or applied finish like stucco, plaster, ceramic tile or conc. paint.

Can be furred, insulated then covered with wall panels (plaster board, wood, plywood)

Ceilings in same way as walls with adhesive-applied acoustical tile

Floors

Wood float finish, smoother harder steel toweled finish, applied texture (brooming), Applied finish like nonslip, pigmented, heavy duty

Finishing involves screeding/leveling, floating and troweling

Finishes can be applied at any time

Final finish not done till all surface water is gone

Terrazzo

Topping material applied over conc. slabs

Mixture of Portland cement and water with colored marble granules
After set ground and polished smooth

Can be applied to floors, walls, wainscot, and stairs
Precast as treads, window stools, saddles and floor tile

Seamless and precast use resin instead of cement

Masonry
Small units (solid or hollow) – brick, structural clay tile, concrete block, gypsum block, glass block

Large units – terra cotta, ceramic veneer, precast concrete, types of stone

First masonry from rocks piled up to protect from elements
Mud was made into units, first sundried then burned

Still popular construction method

Brick

Rectangular masonry unit molded from clays, shales, dried then fired in a kiln

Physical characteristics vary depending on materials and processes

Molding methods

Soft mud process – moist clay is pressed into molds by hand or machine

Stiff mud process (widely used) – forces mixture through a die, extruding a clay ribbon that is cut into bricks by tightly stretched wires (wire-cut brick)

Dry-press process - relatively dry mix pressed into gang molds by plungers under high pressure (most accurately formed brick)

Solid, cored and hollow units

Cored is solid if 75% of cross section is solid

Hollow at least 60% is solid

Natural colors range red to buff

Common textures – smooth, water-and-sand struck, scored, wire-cut, combed, and roughened

Can be finished with fire-bonded ceramic glaze (satin or gloss)

Brick types

Building brick (common brick) – most widely used in construction

Made from clay fired at 1850 degrees Fahrenheit.  Usually red in color with multiple sizes

No US standard brick size, closest is standard building brick (8”Lx3 ¾”Wx2 ¼”H)

Specified by use and exposure it will face

Grade SW – Severe weathering – used in heavy rain, snow or continual freezing areas

Grade MW – Moderate weather – average rain and freezing
Grade NW – No weathering – minimal rain, no freezing, sheltered or indoor locations

Face brick – exposed to view, controlled mixture, produces high quality units, classified by exposure but also appearance available in SW and MW
Grade FBX – high degree of mechanical perfection, narrow color range, and minimum size variation
Grade FBS – greater size variation and wide color range

Grade FBA – non-uniform in size, color and texture

Hollow brick is available in SW and MW also classified be appearance similar to face brick

Grade HBX – High degree of mechanical perfection, minimum size variation, and narrow color range

Grade HBS – Greater size variation and wide color range

Grade HBA – non-uniform in size, color and texture

Other types:
Backup brick – inferior brick used behind face brick

Paving brick – very hard and dense brick used in pavements

Fire brick – brick made with great resistance to high temperatures (for fireplaces)

Sewer brick – low absorption brick for use in sewage and storm drains

Adobe brick – made from mixture of natural clay and straw, placed into molds, dried in sun.  Requires protection from rain and sub-surface moisture

Nailed-on brick – flat brick generally used on interiors where solid masonry cannot be structurally supported

Most brick manufactured in standard sizes but dimensional variations based on region and manufacturer.  Some causes by clays used & shrinkage when fired

Modular bricks – have dimension such that one or more brick courses plus mortar joints produce courses with an exact dimension (multiple of 4”)

Economy-8 modular brick 3 ½” x 7 ½”x 3 ½” laid with ½” joints will produce regular courses every 4” in height and 8” in length

Other modular bricks Roman (1 ½”H), Economy-12 (3 ½”H)

Brick Nomenclature

Six surfaces of a brick – face, side, cull, end and beds

Most common mason cut shapes – half or bat, three-quarter, quarter closer, king closer, queen closer, split or soap

May be identified by placement in a wall

Headers (cull or short side shown)

Stretchers (face or long thin side)

Rowlock (vertical cull)

Shiner (bed, big flat horizontal)

Soldier(vertical face)

Sailor (bed, big flat, vertical)

Bricklaying

Always manual, quality depends on workmanship

Only laid between 40-90 degrees Fahrenheit

Should be wetted prior to setting (minimize absorption of water of mortar, wash dust, i.e. better bond)

Loss of water in mortar = bad bond

Absorption of wetted brick no more than 0.6 oz./minute

Always set in a full bed of mortar, solidly fitting all vertical head joints.

Standard joint thickness range ¼” – ½” (3 brick plus 3 joints = 8”)

Few walls lain solid, most are cavity walls, 2 tiers (wythes) of masonry with an air space (2-3”), rigid insulation to inside, half the space, increasing insulation capacity of the wall

Reinforced brick masonry – 2 wythes separated by 2-4” space where horizontal and vertical rebars are placed.  Space filled with grout (Portland cement, water, sand, opt. pea gravel, lime)  Much stronger than un-reinforced for vertical and lateral loads from wind or seismic

Brick Bonding

Pattern in which bricks are lain to tie wythes together into a structural unit
Common bond – header course every 6th course
English bond – alternates header and stretcher courses
Flemish bond - alternates header and stretcher in each course
Running bond and stacked bond – have reinforcing mesh every 6th course

Reinforced masonry usually running bond or stacked bond

Veneering

Exposed masonry that is attached but not structurally bonded to the backing

Held in place be metal wires, clips or anchors

Efflorescence

White powdery deposit on masonry surface caused by soluble salts in the units or mortar

Slats leached out by water that penetrated the masonry (unsightly patched of discoloration)

Can be prevented or minimized – select material free from harmful salts, preventing water from penetrating

Use solid and tight mortar joints, capped walls, effective flashing, and adequate weather protection during construction

Can be removed by pressure washing, light sandblasting or by washing with a 5% solution of muriatic acid in water

Expansion Joints

Required in structures more than 200’ long or 2 or more wings in a building

Temperature and moisture changes cause expansion and contraction in masonry

Much of movement is accommodated by the wall itself because of mortar joint flexibility

Expansion joints avoid cracking

Sealant used to adhere surfaces to prevent air and water infiltration but allowing movement parallel to the face of the wall, compressible filler used to maintain required depth of sealant
Concrete Masonry

Many units made from concrete

Made with steel molds and a stiff mixture

Immediately removed and cured at an accelerated rate and dried

Types – bricks, blocks, tile and cast stone

Concrete block is most widely used

Block – inexpensive to manufacture in many patterns, textures and colors, light, strong and good fire resistance

Uses – foundations, partitions, load or non-load bearing walls

Modular nominal 8x8x16 block is 7 5/8x7 5/8x15 5/8 to allow for 3/8” joints

Blocks have 2 or 3 cores (cells) also solid

Compared to solid 2 cell units reduce heat conduction, lighter and more space for utilities

Block shapes – 2-core stretcher (typ. Dims), 3-core stretcher, 2 or 3-core corner block, jamb block, window jamb block, lintel block

Load bearing block is classified in 2 grades N (more severe exposures) and S (needs protection from weather)

Walls – nominally 1 block thick, staggered vertical joints (running bond), reinforcing placed vertically in cells grouted solid

Horizontal reinforcements – thin welded grids in bed joints or rebar in blocks with channeled webs called bond beam blocks

Lintels over doors and windows can be steel or reinforced concrete or solid-grouted lintel or bond beam blocks with horiz. Reinforcing
Can be unfinished or can have plaster, paint or clear waterproof sealer

Also have be faced with brick, stone or tile

Less expensive than brick or stone

Blocks can be field cut but architect should design within the block module (8”)

Structural Clay Tile
Hollow, burned-clay masonry with parallel cells
Made with same clays as brick, can be load or non-load bearing (partition tile)

Two groups by function – back-up tile and facing tile

Come in many textures, natural colors (range of brick reds) or various glazed finishes

Structural tile for interior partitions or with other masonry as a back-up for exterior walls

Depending on orientation – side construction tile (cells horiz) or end-construction tile (cells vertical)

Architectural terra cotta – various colors, textures and shapes, primary use – multicolor decorative designs

Ceramic veneer – terra cotta in large face dims, thin sections, variety of natural and glazed finishes, applied with a mortar setting bed or with metal anchors and mortar

Gypsum Block

Often called gypsum tiles – solid or cored units made from gypsum plaster, 2-6” thick, 12x30” panel size

Used for interior non-bearing partitions, also lightweight fireproofing

2” of gyp block has same rating at 4” concrete block

Can’t be used on exterior (subject to dampness)

Set with gypsum mortar on top of a base course or water resistant material

Glass Block
Solid or hollow – same comp. as window glass
Used for controlling light transmission, glare and solar heat or decorative

Several std. sizes (based on 4” module)

Walls limited in length, height and area, never used to support loads
Always stacked bond pattern

Must have good bond mortar to block

Control joints = critical because of thermal expansion

Take care with joints to other materials

Created in 1930, recent interest in glass block because of demand for greater insulation values in exterior wall materials
Stone

One of original building materials
Classifications

3 types of small or quarried rock based on how the rock is formed

Igneous - granite

Sedimentary – limestone, sandstone, bluestone, brownstone

Metamorphic – marble, soapstone, slate

Stone Forms

Many forms used in many ways

Common forms as follows:

Rough stone (fieldstone) – natural stone used decoratively

Rubble stone – irregular stone with at least one good face used for ashlar veneers, copings, sills, curbs, etc.

Dimension stone – cut stone, used for surface veneers, toilet partitions, flooring, and stair treads, etc

Flagstone – thin slabs used for paving, treads, counter tops, etc

Monumental stone – used for sculpture, monuments, gravestone, etc.

Crushed stone – used as aggregate for concrete, asphalic concrete, terrazzo, built-up roof surfacing, etc, as well as granular fill

Stone dust – used as filler in asphalt flooring, shingles, paints, etc.

Properties of natural stone vary greatly
Things to think about – strength, porosity, absorption and permeability

Must select finish that will be appropriate to the stone type and suitable for function

Finishes range  from very rough (quarry face, split face, or sawed) to smooth (rubbed finish, honed finish or polished finish)

All stone affected by rapid temp change – not good for fire resistance

Stone Masonry

Rubble masonry – stones left in natural rough state

Ashlar masonry – stones are shaped and smoothed (dressed) into rectangular blocks

Further categorized – coarsed (has horiz joints), uncoarsed, random (no horiz joints)

Bond stone – stone with its longest dimension perpendicular to the wall face to the tie wall to its backing

Patterns – fieldstone: uncoursed, coursed, Ashlar stonework: coursed ashlar, broken ashlar, polygonal, random coursed, Dimension stone veneer: broken joints, stacked joints

Can be laid in mortar like brick pr thin veneer mechanically anchored to the backup wall or frame

Should be set with non-staining Portland cement mortar, avoid moisture penetration into stone (dampproofing backup)
Lots of types of anchors and ties for veneer and trim – clip angle and pin, strap and pin, wire anchor, twisted strap

Mortar

All masonry bonded with mortar

Composed of varying quantities of Portland cement, sand, lime and water

All materials should be clean and free from harmful organic materials

Lime putty or hydrated lime for workability and water retentively but lowers strength

Admixtures are allowed but except for powdered color agents they are not recommended where high bond strength is desired

Masonry cement or mortar cement may be used in lieu of Portland cement, no lime added then, only Portland/lime should be used where high strength and low permeability are desired

Can be tested like concrete to ensure proper mix

Mixes that have lost water through evaporation can be retempered (water added)

Should not use after more than 3 hours old

Type M or S (load bearing and/or exposed to weather)

Type N and O (used where lesser compressive strength required)

High-strength mortars used for pre-assembled units (higher compressive and tensile strength)

Same methods for protection in severe weather as cement are used

Mortar Joints

Exterior surface of joints are finished to make them more waterproof

May be toweled, joining tool or a raking device

Entire joint should be filled

Face of joint should be smooth and dense

Types of joints – weathered, round rodded, flush, “V” shaped, beaded, toweled, raked, stripped, squeezed or extruded

Masonry accessories – ties, reinforcing, fillers, wire mesh, etc. for installing masonry ceilings

Types – strap anchors, dovetail anchors, cramp anchors, pins, threaded dowel, hangers, expansion joints and water stops

Wood

Only building material that grows and is renewable without human intervention

Organic so not like manufactured product

Terminology and Classification

Wood – hard fibrous substance lying beneath the bark of trees

Lumber – wood that has been sawn into construction members

Timber – lumber that is five inches or larger in its least dimension

Classified as softwood or hardwood depending on type of tree

Softwoods – pine, fir, spruce ((needle-leaved conifers, evergreen)

Hardwoods – maple, oak sycamore (broad leaved deciduous, shed leaves annually)

These are botanical, not structural terms

Douglas fir (softwood) is much harder than basswood (hardwood)

Balsa (lightweight and spongy) also hardwood

Softwoods are used for framing, sheathing, bracing

Hardwoods are used for flooring, paneling, interior trim and furniture

Characteristics

Hardest and most accommodation of all materials

Available almost anywhere

Structures are strong, durable and lower in cost than concrete, masonry or steel

Heavy timber can resist fire better than unprotected steel construction

Light wood framing requires little technical knowledge

Small, simple tools used to work with it

Wood = 70% cellulose and 18-20% lignin (the adhesive imparting strength to the wood), remainder is made up of minerals and extractives (give color, odor and resistance to decay)

Strength of Wood

Stronger in compression than tension

Strength of wood is not same in both directions for both tension and compression

Much stronger with loads applied with the grain

For shear wood is strong perpendicular to the grain

Horizontal shear strength (parallel to grain) is often a consideration, vertical shear stress (perp to grain) is not

Seasoning of wood
Living wood = green, contains lots of water

Seasoned = drying wood till moisture content desired

Types – air drying (long time leaves 10-20% moisture)

Kiln drying – only few days (less than 10% moisture)

Framing lumber = seasoned is less than 19%
Moisture changes can still happen, wood swells when wet and shrinks when drying

Details should allow for some swelling

Seasoned is stronger, stiffer and lighter in weight than green, less susceptible to warping, more fungi resistant decay, insects and greater nail-holding power and ability to hold paint

Cutting and Sawing Lumber

Shrinkage, distortion and warpage depend partially on the way its cut from the tree

Most shrinkage in direction of growth ring (tangentially), less radially, very little parallel to grain

Can be cut 2 ways – tangent to rings, called plain sawed in hardwood and flat-grained or slash-grained in softwoods and radially to the rings, quarter sawed in hardwoods, and edge-grained or vertical-grained in softwoods
Rift-grained and comb-grained = quarter sawed

Quarter sawed if grain is 45-90 degrees to the wide face

Plain sawed of 0-45 degrees

Plain sawed – distinct grain pattern, may twist, cup and wear unevenly, tends to have raised grain, shrinks and swells more in width, less in thickness, less waste in cutting, less expensive

Quarter sawed – relatively even grain pattern, wears with less warpage, shrinks and swells more in thickness, less in width, more waste, more costly

Wood Defects

Variety of defects that affect the strength, appearance, use and grading of lumber, can be natural or manufacture, can be damaged by insects, fungus, fire

Natural Defects
Knot – branch embedded in a tree and cut through in manufacture

Peck – pitted area sometimes found in cedar and cypress

Pitch pocket – opening between growth rings containing resin

Shake – lengthwise grain separation between or through growth rings

Manufacturing Defects

Split – lengthwise separation of wood extending from one fact to another
Wane – lack of wood on the edge of a corner

Warp – shrinkage distortion of a plane surface; includes bow, crook, cup and twist
Grading Lumber

No 2 pieces of wood are a like, grading is used

Grading for strength (stress grading) – visually or by machine using standardized lumber grading rules

Visual grading – based on number, size, type and locations of visible defects (knots, shakes and wane)

Grade assigned is stamped to the piece with the mil identification and other info (grade mark)

Best grades = practically free from imperfections

As grade gets lower imperfections go up

Machine stress rating – subjected to bending – values of modulus of elasticity (E) and allowable fiber stress (f) are calculated and stamped on each piece

Softwood grades

Established by National Bureau of Standards (use, size, manufacturer)

Yard lumber – general construction

Factory & shop lumber – remanufacture into sashes, doors (grades based on amount of clear wood in each piece)

3 Lumber size classifications – boards (2”or more l, less than 2” w), dimension lumber (2” or more l, 2” t0 5” w), timbers (5” or more in each l w)

Boards – graded for appearance.  Used for siding, sub-floor and trim. (Select and common)

Select – good appearance, graded A to D (A and B highest, C and D paint grade)

Common – more blemishes, 5 grades of descending quality 1 to 5

Dimensional lumber and timbers = structural lumber for load bearing members, graded for strength
DL – joists and planks, light framing and decking

Timbers – beams and stringers and posts and timbers

3 Classifications from manufacture – rough (visible marks), dressed (smooth, uniform sizes) and worked lumber (dressed them tongue and grooved, shiplapped or shaped to a pattern, i.e. drop siding, finish flooring, shiplap sheathing flooring & siding, exposed roof sheathing)

Hardwood grades

By amount of clear useable lumber per piece

Std. length 4’-16’

Std. grades, firsts, seconds, selects, sound wormy and numbers 1, 2, 3A and 3B common

Lumber sizes

By nominal dimension (rough unfinished sizes)

Dressed (surfaced or finished) sizes always smaller because of seasoning and surfacing before use (ex. 2x4 is 1 ½ x 3 ½)
Measured, computed and priced by board feet

1 board foot = 1”x12” board 1’ in length

Plywood
Description

Manufactured wood plane with sever thin wood veneer sheets (plies) permanently bonded together with adhesive under high pressure grains of each ply perpendicular

Core ply is the core

Outer plys called face and back

5 or more plys

Other plys called crossbands

Always off number of plys (3, 5, 7) so it is balanced, panel stays flat with moisture changes

Veneers made by rotary cutting (plain, quarter, rift cut. Plain and quarter when grain appearance is imp.)

Standard 4x8 sheet grain of face and back plys parallel to the 8’ dim, plys range from 5/16” to 1 1/8” thick
Strong backing for materials, used for wall and roof sheathing, sub-flooring, underlayment and formwork\

Good for resisting lateral loads from wind or seismic by floor or roof diaphragms and shear walls

Advantages – great strength in both directions, greater shrinking and splitting resistance, less warpage, covers more with less materials

Joints – horizontal (metal flashing, horiz wood drip molding), vertical (butt joint, vee joint, shiplap joint, batten joint, metal tee joint)

Classification

Interior or exterior (depending on adhesive)

Moisture resistant = interior

Waterproof = exterior

Also be hard or soft wood

Construction plywood mostly softwood

Graded by quality of veneers (A, best thru D, worst)

Uses 2 letters for face and back A grade panel has A face and D back

Each panel is marked

Must be C or better interior plys for exterior

Interior inner plys can be D grade
Species used is marked on the panel by a group number 1 to 5, strong to weak

If unsanded used for roof sheathing , subfloor or wall sheathing.  Not marked with grade and species, span rating instead

Span rating – 2 numbers, first max recommended roof span in inches, second max recommended span for subflooring (ex. 32/16 for roof sheathing w/ rafters 32” OC, subfloor at 16” OC)
Panels can also be made of composites and OSB

2 Special mil marks by American Plywood Association for sanded and unsanded plywood

Hardwood more $$$ than softwood, used for decorative applications (paneling, cabinet work, face veneers on doors, etc) Grading of hardwood different thank softwood
Hardwood matched affects finish appearance

Book matching (edge matching) – every other sheet turned over

Slip matching – adj. sheets are joined side by side, no turning, repeating grain pattern

Random matching – purposely unmatched veneers

Other types of plywood – overlay (covered w/ resin-fiber overlay), marine, prefinished (stained and ready to use), patterned sheets (grooved, roughsawn, etc)

Major uses – furniture, cabinets, flooring, exterior siding, interior wall finishes

Miscellaneous Panels

Pressed fiber boards used in construction
Consist of wood or other fiber mixed with binder, pressed into flat sheet

Non-structural or semi-structural (concrete forms, cabinets, doors, wall paneling, partitions, decking, insulation)

Hardboard – wood fibers highly compressed under heat and pressure to dense, durable boards

2 Categories – basic, prefinished

3 Types – tempered, standard, service standard

4’x8’ sheets 1/8” to 3/8 “ thick

Prefinished hardboard – many patterns, textures, finishes (baked, enamels, plastic laminates

Fiberboard – from waste paper, wood pulp, fibers.  For acoustical tile, sheathing, interior wall finishes

4’x8’ ½” to 1” thick.  Roof insulation and laminated fiberboard in 2’x4” sheets

Flakeboard – large wood flakes bonded together with synthetic resin under pressure

Light, good insulation value & acoustical properties, easily damaged surface.  Uses – insulating backup or acoustical material on upper walls and ceilings

Particle board – dry-formed wood particles bonded together with synthetic resin.  Uses – core stock for plastic laminate or hardwood veneers, also in the manufacture of furniture, cabinets, countertops, wall paneling, doors of all types.

Beadboard – insulating board of core of small expanded polystyrene beads heavy paper laminated to both sides.  Uses – perimeter insulation on foundation walls.  Insulation value less than extruded polystyrene of same thickness

Plastic laminates – base of phenolic-resin impregnated kraft paper over applies patterned sheet w/ sheet of paper treated with melamine resin.  Layers are cured with intense heat and pressure to fuse material into a think sheet then applied to plywood or other backing with adhesive.  Brand names like Formica.  Uses – countertops, wall coverings and furniture.
Glued Laminated Lumber

Glulam structural members from layers of wood bonded with adhesives, grain all parallel longitudinally
Thickness of laminations 1 ½” ¾” laminations used to achieve small radius curves

Several standard widths, many depths up to 75”

Shapes – straight, single tapered-straight, double tapered-curve, double tapered-pitched, double tapered-pitched, double tapered-straight, curved, and pitched
Factory produced, rigid controlled conditions

Superior to sawn lumber (span larger distances, support heavier loads, more weather resistant, consistent in size, appearance & strength, more dimensionally stable

3 Appearance grades:

Industrial – where appearance not concern

Architectural – appearance imp. Concern

Premium – top grade, where appearance primary important.  Most expensive, comes to site fully wrapped

Laminations not full length of member, must be joined end to end, Scarf and finger joints

Laminated decking – from layers of kiln-dried lumber bonded with adhesive.  3” to 5” nominal thick, std. lengths.  Interior surface to be exposed (smooth, grooved, prefinished or stained)

Types of laminated wood frames & arches – two-hinged arch, three-hinged frame, three-hinged arch

Wood Preservation

Threats to wood – insects, decay, fire

Insects

Most destructive to wood = termites, cause extensive damage esp. in ward humid climates, eat wood from within (member may look sound but eaten away inside)

Preventative measures – proper drainage (minimize moisture), good ventilation, impervious concrete foundations.

Wood should be separated from ground, if not should be pressure treated with a preservative

Other measures – termite shields (metal strips to prevent insects from getting to the wood), poisoning adj ground

Surface coating generally ineffective, preservatives that completely penetrate used instead

Carpenter ants – use wood for shelter not food, measures against termites effective against carpenter ants

Marine boring organisms damage wood in salt or brackish water
Most effective, heavy treatment with creosote

Decay

Caused by fungi feeding on cell walls

Development requires mild temperatures, moisture, air, without decay cannot happen

Avoided if wood kept dry, well ventilated or completely continually submerged in water (no air)
Intermittent wetting good for decay

Where it is possible should be decay-resistant species (redwood) or pressure treated

Preservatives

Chemicals that protect from fungi, insects and marine organisms

2 types – oil-borne solutions (creosote), water borne solutions (chromated zinc chloride)

May be brushed, sprayed or dipped

Max effectiveness applied under pressure for deeper penetration

Oil-borne – cause discoloration or oily surface (hard to paint)

Often restricted or controlled by regulation (toxicity)

Fire

Ever-present danger (except heavy timbers, burn slowly)
Made fire-resistant by impregnation w/ chemical solution (ammonium phosphate) or use of surface treatment

Surface applications (intumescent paint) retard increase of temperature (reduce rate of flame spread

Wood Framing

When heavy timber (tall trees) plentiful 50” span = 50 long sawn girders, was simpler (little engineering, no fabrication, no assembly, min small members)

Large members costly today, difficult to obtain

Instead have trusses, rigid frames, built-up girders and glulam beams.

Types of trussed rafters (small closely spaced wood trusses), plywood girders, stressed skin panel (pitched, flat, scissors, sawtooth)

2 wood wall framing systems for dwellings & small structures

Platform framing (western framing) – studs 1 story, floor joists bear on plates of wall below

Balloon framing – wall studs cont. for full height (usually 2 stories) from foundation to top plates under roof rafters

Post and beam – beams and rafters to support floors & roofs
Beams rest on posts (columns) that transfer building load to foundation – skeleton frame forms 3D modular grid (often exposed), lateral stability by rigid joints & enclosing ext. walls

Wood Joining

Before nails mortise-and-tendon joints fastened with wood pins

Joints exterior or interior

Fastener Types – nails, spikes, screws, bolts, pins, metal connectors, adhesives

Method by species, characteristics, size, grain, moisture content, exposure, appearance desired

Metal connectors – framing anchor, post cap, plywood sheathing cap, joist hanger

Most common – nails

Common nails – most structural connections

Box nails – thinner, less holding power

Finish nails – thin w/ small heads for finish elements

On site or at mill or sh0op

Exterior – consider weathering, Structural - meet req’s, interior – appearance

More invisible the joint the more $$$

Common wood joints – lap, shoulder, rabbet, miter, shoulder miter, quirk miter, t&g miter, butt, tongue & groove, shiplap, spline, fillet, v-joint, batten, squared splice, splice, scarf, mortise & tendon, dado, dovetail, open joint, metal joint, metal U insert, open joint with filler

Finish Woodwork

Millwork – shop-fabricated (door & window frames, stairways, paneling)

Delivered ready for installation

Always have primer or sealer before leave shop

Stored and handled w/care to prevent warping, opening of joints, other damage

Installation ventilation should be provided for prevent decay and dry rot

Wood trim – molding, ornamental shape from better grades hard or softwoods, also wood fibers or chips with plastic binders fused under pressure and heat

Used to cover 2 elements meeting or unattractive

Trim shapes by carpenter

Shapes – ¼ round, ½ round, cove, bead, crown, casing, base

Wood siding and paneling – made from common dimensional member cut and dressed to std sized (many shapes and species)

Most siding – seasoned softwoods

Paneling from both soft and hard

Better grades only for paneling (stained, painted or naturally weathered)

Exterior – ability to withstand weather, always over building paper

Common patterns – channel, board & batt, tongue & groove, shiplap, bevel, rabbeted bevel, vee joint t&g, drop t&g

Metals

Comes from the earth, usually as metallic ores (metal-bearing minerals or rocks)
Few are found in pure state (gold, silver, copper)

Dated back to prehistoric times, Bronze Age named after bronze tools, art objects, utensils

Lead (other than decoration) used from plumbing, bronze concrete reinforcements (Rome), copper roofing (Gothic), iron chains as tensile ties (base of St. Michelangelo’s dome for St. Peter’s)

Industrial revolution, first metals members used for construction

Beginning of 19th century metal was more available and acceptable

Formed from the earth and now furnish many modern building products

Characteristics

By luster, opaqueness, hardness, ability to conduct heat, electricity and ability to resist deformation

Smelting – extracting a metal from its ore, involves heat

After extraction still contain impurities, can be removed by refinements

Alloys – metals combined with other substances (lead, copper and iron)
Physical and chemical properties very different

Main characteristics recorded – strength, toughness, corrosion, resistance, appearance, cost and methods of forming, joining and handling

Ferrous metals – those containing a substantial portion of iron (stainless steel, galvanized iron)
Non-ferrous – all others (aluminum, copper, zinc)

Deterioration

Deteriorate by exposure to air, water, soil, or other chemical agents

Corrosion and rust can cause failure

Galvanic action (electrolysis) – common deterioration when different metals come in contact, if in presence of electrolyte (moisture) and electrical current will flow from one to another, one will corrode in time, degree and speed depend on amount of moisture, dry air slow, and ocean air fast
Metals in order of galvanic action (each can be corroded by all that follow) – aluminum, zinc, iron and steel, stainless steel, tin, lead, brass, copper, bronze, gold

Metals must be separated or compatibles used (ex. Alum siding with stainless nails neoprene washers or alum nails used, alum eventually eaten away)

Alloying metals can help (i.e. stainless steel), surface treatment, protective coating (galvanizing or anodizing
Forming Metal

Extracting metal transformed into useful product that has a finished shape, cast or wrought
Cast – pouring molten metal into a mold of shape and cooled
Wrought – forcibly shaping solid metal to a required form by variety of methods (hot or cold rolling, bars, strips, sheets, angles, channels, etc, forging, hammering hot metal, pressing from sheets, drawing into wires or tubes and extruding forcing a hot mass of metal through an opening that has the shape of the required section

Metals or alloys may be suited to one or another type, be familiar with mechanical properties (malleability, ease of hammering, ductability ease of drawing, toughness resistance to fracture, and hardness resistance to abrasion

Ferrous Metals
Iron

All ferrous metals have iron (second most abundant metal, 4th most abundant element on earth)

All commercial ferrous metals have some carbon (small variations in carbon content have imp influence on properties)
Pure iron – diff to obtain – tough, malleable, easily magnetized, quick to oxidize

Extracted from ore by smelting (over 5,00 yrs old)

Blast furnaces reduce the ore to pig iron (raw material all ferrous metals made from)

Pig iron – 93% iron, 4% carbon, small qty of silicon, phosphorus, sulfur

Wrought iron – almost pure iron, very low carbon content, soft but strong, extremely ductile, easily worked, resistant to corrosion.  Can be forged, bent, rolled into shape, can’t be cast, tempered, and easily welded

Used to be prime metal for tension members (chains, crane hooks, anchors

Today ornamental ironwork, grilles, plumbing pipes, outdoor furniture

Available in pipe, sheet, bar, bent shapes

Cast iron – resmelting pig iron with steel scrap

High carbon content (2% or more), many types w/distinct characteristics (white cast iron, gray cast iron, malleable iron, etc)

High compressive strength, low tensile

Cast into almost any shape, too hard & brittle to be hammered, rolled or pressed

Rough & uneven, good resistance to corrosion

Used for compression members (arches of Crystal Palace, 1851)

Today limited to pipes, certain plumbing fixtures, ornamental iron work, hardware, special castings

Steel

Alloy of iron (2% carbon max)

Structural steel0.25% carbon w/traces of various impurities

3 methods to make steel – open hearth, basic oxygen, and electric furnace

All involve removal of impurities & excess carbon

Dates back to 19th century for large-use (Eiffel Tower – last built of wrought iron)

Hard, strong, also tough & malleable

Widely used in construction for great strength at low cost
Can be rolled, drawn, bent, cast, joined by rivets, bolts or welds

Uses – structural framing, concrete reinforcement bars, lathing, conduit, pipes, fixtures, misc and ornamental work & for all kinds of connectors (nails, pins, bolts)

Structural Steel – for structural , varying carbon, also high-strength steels

Alloy steel – elements added for special properties (stainless steel w/chromium and nickel, strong, hard, and corrosion resistant

Weathering steel – up to 1% copper, tightly-adherent oxide coating when exposed to weather, no finish needed

Heat-treated steel – reheated & slowly cooled (or annealed) for improved workability

Case-hardened steel – hard high carbon surface by special process

Non-Ferrous Metals

Almost all non metals resist corrosion, excellent workability
Initial cost is higher than ferrous, used in construction as alloys
Aluminum

Most abundant element in earth’s crust

From bauxite by electrolytic method (developed <100 yrs, previous considered precious metal)

Properties of note – light weight (1/3 of steel), good thermal & electrical conductivity, great resistance to corrosion (except for galvanic action and some oxidation), highly reflective, good barrier for heat transmission
Pure is soft but alloy can make it hard and strong as mild steel

In all fabricated forms (castings, extrusions, sheets, strips, bars, rods)

Joined by riveting, welding, soldering, adhesive bonding
Many finishes – etching, embossing, anodizing, plating, baked enameling, painting (no lead based)

Many uses – light weight framing, railings and grilles, siding and curtain walls, windows, doors, flashing, insulation, roofing, screening, hardware

Copper

Malleable, ductile, high mech strength, resistant to corrosive agents (sea water), very high electrical & thermal conductivity
Uses – electrical work, water distribution lines, roofing, flashing, screening mesh

Exposed to weather = green patina, further finish not needed

Other Metals

Brass – alloy of copper and zinc, resist corrosion, easily worked.  Uses – precise castings, finish hardware, plumbing, heating and air-conditioning components and fittings

Bronzes – alloy of copper and tin, small amounts of other metals.  Similar to brass.

Lead – heavy, soft, toxic, low strength, easily worked, corrosion-resistant, impenetrable to radiation.  Uses – for acid and radiation resistant, vibration control under foundations and machinery, rough hardware items, roofing and flashing (examples over 2,000 yrs old).  Rarely used for plumbing (from Latin plumbum), danger of lead poisoning.
Zinc – low strength, corrosion-resistant.  Uses – roof covering, flashing protective coatings on steel (galvanizing)

Monel – nickel-copper alloy, strong, bright, ductile, corrosion-resistant.  Uses – roofing, flashing, counter tops, sinks, other commercial kitchen equipment.

Metal Finishes

Applied for appearance or protection from corrosion

Mechanical finishes – grinding, polishing, sandblasting, hammering, surface treatments for textures.

Applied coatings – electroplating, enameling, spraying, dipping, sheardizing (coating with zinc dust)

Non-ferrous (also stainless) can (often are) left to weather (no treatment)
Ferrous metals need protective coating to prevent corrosion (except weathering steel, forms brownish-colored protective oxide, deters further rust and corrosion)

Anodizing

Applied to aluminum

Insert into an electrolyte, electric current applied, coating is formed on surface, wide choice of hues

Galvanizing

Most popular method to protect iron and steel from corrosion

Coating of zinc applied by immersing steel in a bath of molten zinc

Amount of coating expressed in ounces/SF of sheet

If coating broken from water damage galvanic action causes zinc to corrode protecting the iron or steel for however long any zinc remains

Effective protection at low cost = zinc largest consumption of metal in US

Sheets available in – plain flat, corrugated, special shapes

Uses – roofing, siding, decking, flashing, cladding (kalamein doors, galvanized metal-covered wood core doors for high fire resistance)

Zinc corrodes to a self-protecting oxide, more resistant to corrosive damage than steel

When exposed to corrosive conditions need additional pain coating

Most paints don’t stick to galvanized metal unless completely cleaned and prepared

Phosphatizing solution may be used for paint bond

Portland cement-based paint – good primer

The Use of Metals in Construction
6 major categories

Structural – structural steel, reinforcing bars and mesh for concrete, wire rope

Hollow metalwork – doors, bucks, partitions, panels, windows, mullions, curtain walls and panel systems that incorporate other materials (glass, stone, plastic, etc)

Miscellaneous metalwork – stairs, railings, fencing, gratings, rough hardware, ladders, etc

Ornamental metalwork – plaques, letters, finish hardware, railings, screens, grilles, expansion joint covers, etc

Flashing – base and cap flashing, gutters and leaders, spandrel and through-wall flashing, copings, termite shields, etc

Miscellaneous – rough hardware, nuts and bolts, rivets, screws, nails, washers, inserts, hangers, anchors, wire, etc

Structural Steel Construction

Fabrication and erection of hot-rolled members manufactured from medium carbon steel (0.25% carbon)
Std. rolled sections in large selection of weights and sizes - wide flange beams and columns (designated W), American Standard Beams (S), American Standard Channels ©, angles (L), tees (WT, cut from W shapes), and tubing, also bars and plates

Built-up shapes can be made from std. shapes (plate girders, built-up columns, truss chords, rigid bents, etc) used where std. sections not available or efficient

Used to make a skeleton frame
Steel fabrication (cutting, shaping, drilling, welding) done in fabricating shops, cost and quality are controlled

On-site work – connecting – by bolting or welding – kept to a min.

Require protections for fire resistance and/or corrosion

Cable and Tent Structures

Suspension bridges (first cable), large circus tents (first tent)
Tented cable structures have characteristics from both

Uses to cover large areas with thin sheet material

Often pneumatic (air under pressure higher than surrounding air)

Space Frames and Domes

Truss type systems – span in 2 directions, min support needed

Buckminster Fuller – first to develop lightweight domes (geodesic dome)

Small members connected in triangular shapes – creates vast dome-shaped enclosures

Special connectors for making them readily available to make a variety of structures

Lightweight Metal Framing

Light-gauge metal framing analogous to wood framing
Used instead of wood (made of cold-formed sheet steel)

Connections – screws, bolts or welds

Short spans up to 32’ and light loads

Advantages – lightweight, incombustible, impervious to decay, warpage, shrinkage and termites, easily handled, speedily erected

More expensive than wood

“C” stud, channel stud, nailable stud

Open Web Joists

Also bar joists – shop fabricated, standardized lightweight trusses made from hot-rolled or cold-formed steel sections
Used in same manner as wood joist construction

Many spans, depths and load-carrying capacities

Can be obtained with camber, w/ pre-installed wood nailer strips, or with the top chord forming a conduit raceway
Open web permits piping, ducts and conduit to pass through within the floor slab
Lightweight steel weak in flat section, take care with storage

Metal Decking

From sheet steel in corrugated, ribbed or cellular form

Edges overlap or interlock, forms a working platform during construction and perm. Formwork for floor slab

Plain or galvanized, long narrow sections w/ ribs 6” OC, 1 ½ to 4” deep
Cellular decking has raceways for electrical lines

Most decking is composite metal decking (deformed or patterned ribs that bond to the concrete so they act like a unit)

Miscellaneous and Ornamental Metal

Ferrous used for many things, often from conventional fabricated shapes

Include – stairs, railings, fire-escapes, gratings, fences

Shop drawings used to check for sizes, details and method of anchorage

Non-ferrous more frequently for ornamental (stainless may also be used)

Fabricated from roiled, cast or cold-formed shapes, decorative grilles and louvers, mesh and wire cloth, metal treillage and flagpoles

Thermal and Moisture Protection
Earliest buildings = protection and shelter – no more
Weather is still a major concern, heat loss and gain also important

Moisture problems – come from several sources, various forms (capillary action, fog, drizzle, hail, rail, sleet or snow)

Moisture sources – precipitation, water vapor, surface water, ground water, hydrostatic pressure

Ground Water Control

Surface water – ponds other surface accumulations of water (caused by rain, thawing ice or snow), seeps into ground (then ground water)

Ground water – water in voids and crevices under the earth’s surface, flows slowly through permeable material called aquifer
Ground water table – level at which all earth below is saturated with water (found with test borings)

GW may have to be controlled or diverted to prevent infiltration and damage

Permeable – water penetration w/o causing rupture or displacement

Pervious – permitting leakage of flow of water through cracks, leaks or other openings
Water-resistant – no openings larger than capillary pores that permit leakage of water

Water-repellant – incapable of transmitting water by capillary action but able under pressure

Waterproof – completely impervious to water, under pressure or not

Dampproofing
Materials and methods that prevent moisture from penetration a building at or below grade, differs from waterproofing, DP cannot resist hydrostatic pressure

Most treatments applied in liquid form, brushing or spraying to foundation or basement walls

Include – asphalt base coatings (two coats usually), cement plaster (densely mixed and toweled or pneumatically applied) and liquid silicones or other plastics

Also preventative measures – draining away surface water, granular fill, vapor barrier over fill, footing drains

Waterproofing

Materials and methods that prevent moisture from penetration a building by hydrostatic pressure

Membrane waterproofing – most common, several layers of asphalt saturated felt (2-ply or 3-ply) hot mopped together applied to outside of wall, should be protected with coat of cement plaster (or fiberboard or wythe) to prevent puncture
Waterstops – to create waterproof construction joints in walls and floors below grade from non-corrosive metal or plastics, permit movement w/o rupture

Precipitation Control

Most common & predictable source of moisture that can cause damage

Control depends on form and type of roofing used

Roofing – materials and methods used to weatherproof the ext. top of a structure

Selection factors – climate, fire resistance, type and slope of roof, weight of roofing, durability, cost, appearance, personal preference

Climate – Affects durability of roofing.  Wind damage to slate and tile, asphalt shingles blown off.  Hail punctures roofing, breaks thin tiles.  Extreme temperatures cause expansion and contraction.  Asphalt bad under high temp and uv radiation from sun.  Salt air, smoke, industrial gasses corrode metal (except for copper, lead or terne plate)
Fire resistance – Building code class A, B, C (resisting severe, moderate, light fire exposures).  Based on UL designations.  Most codes have adopted.

Type and slope of roof are related
Roof slope = incline or pitch (ratio rise and its horizontal projection i.e. 4:12)

Pitches for diff. roofing materials (all #’s = rise)

Tile & Slate = 5-8

All shingles & Metals = 4-8

Asphalt strip shingles = 3-4

Asphalt roll roofing = 1-3.5

Bituminous roofs & metals that are soldiered or welded = 0-3

Square – unit of measure for roof surface area (1 square = 100 SF)

Weight – varies greatly, affects design, structure, cost (copper 100 lbs/sq, clay tile 10x that)

Durability – function of inherent quality & climate conditions (asphalt less durable than clay, stone & metals)
Cost – varies a lot, corresponds to durability

Personal Preference – relates to appearance, more attractive materials cost more

Roofing Materials

Wide range of roof coverings available
Asphalt – built-up, shingles and roll

Wood – shingles and shakes

Metal – sheet, corrugated and strip

Clay, cement and slate – tiles

Clay and plastic – sheets

Plastic – liquid coatings

Roof types – shed, gable, intersecting gables, hip, mansard, gambrel, flat w/parapets, sawtooth
Asphalt

Asphalt & coal-tar pitch are bituminous materials use din built-up roofing
Asphalt is by product of crude oil refining

Coal-tar pitch from coal
Solid at room temp, heat to liquefy

Asphalt for sloped roofs, coal-tar for flat

Uses – saturate roof felts, adhesive in built-up roofing, final flood coat w/ embedded gravel

Built-up roofs – alternate layers of asphalt-saturated felts & hot asphalt cement.  3, 5-ply, etc, # of layers used, over unsaturated base layer nailed to roof deck

Finish surface – slag or stone chips set in final flood to protect plies from weather

Strip shingles (composite shingles) from asphalt-saturated felt, top surface w/embedded weather resistant mineral surface

Cut to 36” strips slotted to simulate shingles, installed in lap fashion w/galvanized roofing nails or roof decks (3:12 min pitch)

Most have adhesive tabs on underside so can’t be blown off

Roil roofing – similar to shingles but 36” wide rolls slight to steep pitches, lapped and nailed

Wood

Shingles – made form cedar, cypress and redwood (decay resistance)

Standard sizes, variety of grades, machine-sawn or hand split (shakes)

Applied similar to roofs or walls, lapped pattern over solid or spaced sheathing, aluminum or galvanized nails
Tapered in thickness w/ butt (thick end) expressed as # of shingles required to produce a total thickness (16” 5/2 random shingles means ttl thickness of butt ends of 5 shingles, 16” long and of random width is 2”)

Random shingles (3-14” wide) packed by square, dimensional shingles (5-6” wide) packed in 1,000 bundles

For roofs 4:12 or higher, must apply with underside ventilation (prevent cupping, rotting)
Danger from fire, can be pressure treated, sprayed, brushed or mopped w/fire-retardant chemicals

Wood roofs are $$$

Metal

Includes – galvanized iron, copper, aluminum, terne plate (steel coated with lead & tin)
Not used as much – lead, zinc, stainless steel

Problems – corrosion, galvanic action, movement from thermal expansion & contraction

Std. details to allow movement – standing seam, batten seam, flat-locked seam (visual pattern used as a design feature)

Corrugated sheet metals – for roofing and siding, better for thermal movement because of shape, filler (closure strips) used at open, corrugated ends
On flat roofs – soldered or welded

Pitched roofs (3:12 or greater) – screws, nails w/comparable metal

Simulated roofing tiles – galvanized steel or alum. w/ baked enamel colored finish, over solid sheathing and felt, galvanized nails for steel, alum nails for alum.
Features – oxidized when weathers; lead to white, copper to blue-green, and terne plate to gray

Roofs other than corrugated iron are $$$ but durable and last for many years

Clay, Cement, and Slate

Clay – tile made from same clay as brick, wide range natural colors, glazed finishes, produced in traditional patterns (Greek, roman, Spanish, mission, shingle, English)
Cement – from Portland cement and fine agg, less expensive than clay, many sizes, colors, flat shapes that resemble clay

Slate – tiles (sometimes called shingles) quarried from natural rock, split into thin rectangular slabs, 12”x16” 3/16-1/2” thick, smooth or rough texture, natural colors

All tiles – heavy, durable and permanent, fireproof, $$$

Always over sloped roofs, lapped w/nails through pre-drilled holes

Glass and Plastic

Sheets used in skylights, clearstories, and broad roof areas that require light and protection (industrial structures, greenhouses)
Small area = flat sheets, large areas = corrugated sheets

Poor resistance to fire (wire-reinforced glass & fiberglass-reinforced acrylic sheets)
Glass for roofing – regard for thermal expansion and low strength

Plastic Coatings

Single-ply, single-ply w/ foam insulation, non-solid form (liquid to viscous consistency0 can be sprayed, rolled, brushed, mopped, toweled
Good for curved or thin-shell concrete

Must be permanently bonded to substrate

Plastic roofing w/foam insulation held in place with gravel or crushed rock

Condensation Control

Water vapor – always in the air (humidity), generated in buildings by equipment, human breathing and perspiration, cooking and washing, moisture in ground evaporating into crawl spaces

Higher the temp = more water vapor it can hold

Relative humidity – ratio of amount of water vapor air contains to max amount (%)

If air at 50% RH is cooled RH increases

Dew point – air will reach 100% RH water vapor condense into liquid

Moves from high to low pressure (outside to inside), can pass through most building materials

During summer outside air warmer than inside, vapor go to inside

Condensation can damage any portion of a building – use of vapor barriers and ventilation used to prevent this

Vapor barriers – prevent the passage of moisture, made from alum foil, various plastics, and asphalt-saturated felt, installed on the warm side (room side of a wall)
Surface condensation of glass – use insulating glass

In attics, crawl spaces – proper ventilation

Thermal Control

Heat transmitted in 3 ways: conduction, convection, radiation

Conduction – objects in direct contact

Convection – in a fluid medium, air or liquid

Radiation – 2 objects not in contact, not shielded from each other

Lost and gained by these 3 methods
Thermal control = slow down heat gain or loss to achieve comfortable interior temps and conserving energy

Different kinds of thermal control – caulking and weather-stripping (cracks, openings), tinted, reflective or insulating glass (windows), thermal insulation (roof assemblies)

Thermal insulation – materials that have high thermal resistance (R) or a high degree of reflectivity (alum foil)

Common types w/ R value in SF hour degree Fahrenheit/BTU:

Loose fill – glass or mineral wool (rock, slag, glass, not asbestos), vermiculite, perlite – wall cavities & flat air spaces like attics – 4” thick = 3.90

Batt or blanket – glass or mineral wool, enclosed by paper or aluminum (vapor barriers available) – air spaces in framed walls, floors and ceilings – 3 ½” thick = 11.00

Board or sheet – cork, glass or mineral fibers, paper pulp – wall sheathing and rigid roof insulation – 1” thick = 2.75
Reflective 0 alum foil in layers of paper and air spaces – roof, wall and floor insulation plus vapor barrier – 1” air space w/2 reflective surfaces – 1.39

Foam – plastics, spray type, or panels – sheathing, irregular spaces – 1” panel – 6.00

Enclosed air = excellent insulator – often used in foamed glass or plastic

Choice depends on – physical characteristics, resistance to flow of heat, cost

All materials have resistance to heat flow

Insulator = material whose thermal conductivity (reciprocal of R designated k) for a 1” thickness is less than 0.5 BTU/hour/SF/degree Fahrenheit

Roof insulation – 3 locations – above roof membrane, between membrane and deck, below deck

Each need diff type insulation, each with advantages and disadvantages
Insulation above membrane – membrane is protected from temp extremes, membrane on warm side acts as a vapor barrier

Vapor barriers often combined w/insulation (condensation forms on cool side of insulating material (alum facing, foil always go on warm side)

Flashing

Used to provide a seal and prevent water penetration at joints exposed to weather, intersections of different materials, expansion or contraction joints

Concealed or exposed, when concealed flashings can be made of sheet metal, bituminous-coated fabrics, plastic or other waterproof membrane

Exposed – alum, copper, galvanized steel, zinc, lead or terne

Selection considerations – durability, possible galvanic action, appearance, expansion joints

In sheet metal specs (also inc. Scuppers, gutters, downspouts, skylights, decorative items)

Flashing details – concealed ridge, exposed ridge, concealed valley, exposed valley, fireplace flashing, masonry parapet, gravel stop, head flashing or water table

Expansion Joints

Temp changes – expansion and contraction – causes cracking, distortion, failure in potion of structure
Purpose – anticipate amount of thermal movement, provide complete separation while allowing movement, maintaining weather-tightness & structural integrity

Masonry = 125’ apart

Steel or concrete = 200’ depending on temp range

Locations – junctions in L, T or U shaped buildings

½” to 1” thick – complete separation from top of footing to roof

Weatherproof with waterstop, elastic joint sealants, metal flashing or caulking

Types – roof expansion joint, plan section at wall corner, section at floor & wall

Doors, Windows, and Glass
Primitive openings – entering and leaving, light, air, look out for enemies

Holes if roofs were fire ventilation

Only basic functional necessities

Later solid doors for privacy, weather protection, defense from intruders, walls and roofs still for light and ventilation, eventually had frames

Today doors and windows – free access of people, merchandise, light, air, security, privacy, protection from weather, access to desirable views, part of exterior composition
Building codes have standards for light and air, energy conservation, life safety, security

Doors

Moveable barriers permitting or prohibiting access to a structure, also allows passage between interior spaces, held by door frames
Door elements – door, head, jamb, door stop, trim, hinge, threshold or sill or saddle

Made in a mill, only installed on site

Many ways to classify – location (interior, entrance), function (fire door, acoustical door). Method of operation (swinging, revolving), physical type (paneled, louvered), material made from (hollow metal, screen) and by door hand convention

Swinging doors – most common – most effective against weather, thermal, acoustical control, hung on butts or hinges attached to jamb or bucks, may also be pivoted from head and threshold, most often single, in pairs for a bigger opening, if 2 sided swinging – double-action swing

Sliding doors – move horizontally – roll on a track on floor or hung at head, end opposite track on gliders, along a wall or slide into pocket

Folding or accordion door – individual leaves, hinged together in pairs, slide along a guide at top and often bottom, in closed position may form wall
Soundproof walls – special seals used @ top and bottom to prevent sound transmission
By-passing or telescoping doors – 2 or more leaves, each travel along own channel or track, for large openings folding and by-passing may be motorized

Overhead doors – may slide vert. up, roll up (like window shade), fold up in panels or ride up and pivot inward on special hardware.  All OH doors counterweighted for ease, may be motor operated (residential garages radio controlled)

Revolving doors – 4 leaves at right angles rotate about a vert. axis w/in cylindrical enclosure.  Advantage to carry cont. 2-way flow of people w/minimal inside/outside air exchange.  Used for large buildings, swinging doors also provided to – permit entrance of large objects, allow for crowd control, provide handicapped and other legal egress.
Classification of types based on way panels made & material made from

Swinging door types – flush, shutter, French, sash, paneled, jalousie, glass, Dutch, screen, louver

Common materials – wood, steel, alum, glass

Wood – most popular, frames from softwoods (pine, spruce, firs), core from softwood lumber, particle board, corrugated treated paper, plastic foam or fiberboard, face veneers both soft and hardwood plywoods, particle board, plastic laminates, made in a mil under controlled conditions.  Waterproof adhesives on exterior, water-resistant on interior
Flush – core of solid softwood (solid-core door), or small pieces of wood arranged in a grid (hollow-core door)

Panel – various sections held by solid wood stiles and rails (vert & horiz framework).  Made of – solid wood, plywood, glass sections or fixed wood louvers.

Special purpose – wood flush w/ special core to resist fire (up to 1 ½ hr UL rating), sound or radiation
Steel – interior installations requiring fire rating, ext doors w/ or w/o fire rating.  As –swinging, roll-up, fold-up, sliding, folding, bypassing, revolving, etc.  All but cast doors 9only used for monumental purposes) made from 14 to 20 gauge cold-rolled steel (sometimes stainless, low maint.)

Hollow metal – steel frame w/ sheet metal, flush or paneled.  Faces stiffened by steel reinf. Shapes or solid core material (particleboard, rigid foam, other types).  Doors are rigid, permanent, can be fabricated to meet any fire rating

Metal clad – (kalamein) solid wood core covered w/sheet metal, core will resist fire as long as sheet metal prevents O2 from reaching it (replaced by fire-rated, solid core doors

Aluminum – from extrusions or shapes, light-weight, corrosion-resistant, dimensionally stable.  Must be protected from – staining, scratching, galvanic action.  Most common – entrances, storefront work, in curtain wall const.  Not for fire walls b/c of low melting point, but special doors w/ fireproof core

Metal security – steel frame covered by metal mesh or grilles, operate in variety of ways, serve to protect commercial and industrial buildings from unlawful entry

Fire doors – used in fire resistant const. UL rated and labeled, class A to E (by doors location)  Door assemblies must have same rating as door (frames, hardware, etc)

Max size 4’x10’, must be self latching w/ auto closers

Fire door classifications

A – 3hr – fire walls separating buildings or fire areas w/in a building – none

B – 1 ½ hr – vertical enclosures – (fire stair, elevator) 100 sq in/leaf (4” min dim)
C – ¾ hr – corridors and partitions – 129 sq in/light (54” max dim)

D – 1 ½ hr – exterior walls, severe fire exposure – none

E – ¾ hr – exterior walls, moderate fire exposure – 720 sq in/light (54” max dim)

Glass doors – from ½ t0 ¾” thick transparent or obscure tempered glass, used for swinging or revolving doors.  After temper glass cannot be cut, drilled, or altered in any way.  Generally pivoted at top and bottom (difficult to support b/c of weight)

Door Hardware

Larges portion of finish specs

All items that permit proper operation of a door (hinges, closers, locking devices, panic hardware, weatherstripping)

Selection governed by function, durability, weather resistance, appearance

Used to be all metal (iron or stainless, heavy work or alum, brass and bronze for all else), now ceramics and plastics are used, location of hardware been extablished over the years, usage only varies slightly.  Knobs around 38” from floor, door pulls and panic bolts 42” from floor

Door hand convention – standardized uniform reference used by architects and hardware manufacturers and suppliers.  Determined by the following – stand outside a door, side hinges on (left or right), if hinges are visible & door swings towards you reverse

Hinges – devices on which doors swing (pivot open or closed), can be exposed, concealed or invisible.  Mortised so only knuckle is visible when closed.  Only butt end exposed when applied to the edge called butts or butt hinges.  Most have 3 parts, 2 leaves, one odd one even # knuckles, pin that joins leaves, pin can be removable (loose) or nonremovable (fixed or non-rising) for security situations.  Pin tips commonly oval or flat, hospital tips curved for ease o cleaning (also avoid catching on clothes). Template hinges – standardized screw hole size and pattern

Butt hinges size – 2 ½ to 6” long, same dim as wall width, w/normal height door hinges 8” from head, 10” from floor, when 3rd needed, midway between top and bottom hinges

Hinge types and installation – mortised, ball bearing, t-strap, cabinet pivot hinge, olive knuckle, invisible, full mortise, half surface, full surface

Closers – designed to automatically close doors quickly, quietly w/ no damage to door or frame.  May be used to keep door open, exposed or concealed, made of spring (closing element) & some type of hydraulic mechanism.  May be parallel-arm type (min projection), or bracket-mounted type.  Selected based on door type and size, freq. of operation, exposure to weather, appearance.  Fusible link closer – closes door automatically in case of fire
Locking devices – holds doors in closed position and provides security.  When beveled = latch, latch auto slides into position when door closed.  When rectangular = must be projected manually – dead bolt, often used with a latch, unit is called a lock.
Locksets by way installed.
Rim locks - mounted on interior surface of door, square or rect. Boxes

Cylinder locks – concealed by fitting into holes drilled in the lock stile of door. (Popular, inexpensive, easy to install)

Mortise locks – into a rect. Cavity in edge of door, almost entirely concealed, most secure

Unit locks – into door cutout, installed quickly & efficiently

Panic hardware – on exit doors of public buildings to quickly, easily open door in case of emerg.  Req’d by code (push bars to release the locking mechanisms must extend ¾ of door width.  May be vert. rod type (exposes latching at head and floor) or mortise type device (conceals latching)
Operating devices – door lever handles, door pulls, push plates, kick plates, escutcheons (decorative plates covering the locking mechanism).  Door knobs should be avoided, accessibility req’s prohibit them for public spaces (allowed for private residence but better served by levers, better access to elderly and disabled)
Variety of shapes, designs and materials.  Finishes selected by – durability, weather exposure, corrosion resistance, general appearance
Common finish designations (BHMA numbers in ANSI/BHMA A156.1, std. builder’s hardware materials and finishes) w/ old US numbers

BHMA 600 – steel primed for painting (USP)

BHMA 605 – bright brass, clear coated (US3)

BHMA 606 – satin brass, clear coated (US4)

BHMA 611 – bright bronze, clear coated (US9)

BHMA 612 – satin bronze, clear coated (US10)

BHMA 613 – dark oxidized satin bronze, oil rubbed (US10B)

BHMA 618 – bright nickel plating on brass or bronze, clear coated (US14)

BHMA 619 – satin nickel plating on brass or bronze, clear coated (US15)

BHMA 622 – flat black coated brass or bronze (US19)

BHMA 625 – bright chromium plated over nickel on brass or bronze (US26)

BHMA 626 – satin chromium plated over nickel on brass or bronze (US26D)

BHMA 628 – satin aluminum, clear anodized (US28)

BHMA 629 – polished stainless steel, 300 series (US32)

BHMA 630 – satin stainless steel, 300 series (US32D)

BHMA numbers differ from old US numbers by providing visible finish AND base metal, some base metals inappropriate for certain applications.

Weatherstripping – make exterior openings weather tight, barrier prevents wind, moisture from getting in through cracks between doors/windows and frames.  Interlocking/friction devices made from metals (alum, bronze, stainless) or pliable (felt, rubber, plastic
Windows

Glazed openings in a wall to admit light, air and solar heat
Air conditioning made natural ventilation unnecessary

Most windows are standard size (stock windows) – complete unit w/operating hardware, glazing, weather stripping, factory applied protective finish

Also selected for ability to resist weather, open & close efficiently, provide thermal insulation, admit solar heat
Dominate scale, proportions, general deigns of a building

4 basic types – residential, commercial, industrial, monumental
Stock windows made from kiln-dried, straight-grain wood, treated w/a preservative, paint or clad w/vinyl and also extruded or roled0metal sections (alum, steel, stainless steel, and bronze)

Types of opening windows – casement, sliding, double hung, hopper, awning, austral, pivoted, folding, jalousie, fixed

Elements – frame (fixed to wall or other supports), sash (glazed panel into the frame), head, top rail, stile, muntin, meeting stile, bottom rail, jamb, sill, panel

Wood – made by standards of woods made from (ponderosa pine, white pine, sugar pine, fir, redwood, cedar and cypress).  Made in a mill, kiln-dried lumber, treated to resist moisture, mold, fungi, insects, factory-applied plastic finish or sheathed in alum. Eliminating need for pain or stain.  Inexpensive, durable, variety of types and std. sizes (fire resistive code req’s preclude use
Aluminum – from extruded alum alloy sections that are strong, durable, very light weight
Good for windows, can provide for glazing, weather-stripping, condensation w/1 section

Matte or highly polished metal finish, various colored anodized finished, plastic and baked enamel finishes (protect metal from oxidation)

All trim, fasteners, etc must be compatible metal or isolated from alum to prevent galvanic action

Variety sizes & types standard and readily available

Steel – hot-rolled solid sections or cold-rolled strip steel (more widely used)

Standards for types, sizes, hardware, operating mechanisms, most manuf. Conform to standards

Durability depends on protection against corrosion (factory-applied baked enamel finish or plastic finish)

Typically glazed on site

Stainless steel – strong, corrosion-resistant, made from 16, 18, 20, or 22-gauge stainless steel sheet.  Closers, fasteners, anchors, etc must be compatible metal to prevent galvanic action.
Replaceable – supersede exist. Windows or applied over existing window.  Wide range of types, sizes and materials, widely used in alteration and renovation, also to decrease heat loss and gain in exist. Buildings

Screens – wire mesh supported by rigid frames placed over window & door openings to exclude insects.  Mesh or wire cloth (also called insect screening) available in variety of materials & finishes (steel, alum, copper, plastic, etc) painted or galvanized or otherwise coated to improve durability.  Most common – 22-gauge wire w/12 openings to the inch.  Frames that support the mesh are from wood or metal, in stock or custom sizes.

Door and Window Systems

Consist of large area of building’s skin, most often prefabricated combo of solid & glass panels, most common material alum, variety of std extruded shapes
Storefront – metal framework sections & glass panels designed as a unit.  Included – entrance door, frames, transoms, hardware, fixed panels of glass.  Major advantage – integration & standardization of all elements, related in design, function & installation

Curtain walls – ext walls of a building that support no weight other than their own, function solely as an enclosing skin.  Consist of metal framework in combination w/glass, plastic, metal or other surfacing panels.  Function same as any other wall – must be weatherproof, must provide some degree of thermal and sound control, must be safe and secure.  Also considered for durability, ease of maintenance, aesthetic suitability.

Skylights – overhead sources of natural light usually installed on roof.  Types – square or rectangular, pyramid, circular dome, flat or low profile, vent, continuous vault, continuous ridge.  Frames from metals (alum, galvanized steel or copper).  Glazed w/glass block; flat or corrugated wire glass; or clear, tinted, or translucent sheet, corrugated, or sandwich-panel plastics.  Prefabricated stock units, glazed w/acrylic – most popular in construction.  Must be installed weather-tight, be safe from breaking and falling, must be provided w/ condensation draining to conduct interior moisture to the outside through weep holes in the curb frame.  Fire safety also concern: size, position, spacing regulated by codes.
Glass

One of oldest materials still used.  3,000 yrs ago in Western Asia, ancient Rome for windows.  Used to be difficult to make and $$$.  18th century individual glass windows as a basis for taxation.  Today, widely available, inexpensive, greatly improved.  Float glass first developed 40 yrs ago, made by pouring molten glass onto the surface of molten tin, produces glass that is perfectly flat, brilliantly clear.

Glass – solid, supercooled, ceramic material from sand, soda, lime.  Chemically inert, generally transparent, hard, brittle material is shaped in liquid state, at high temps, allowed to cool (unlike other ceramic materials).  Can, if necessary, be reheated and shaped again.

Easily worked – fabricated in variety of shapes.  Can be cast, pressed, rolled, blown, extruded, spun, ground.  Spun glass fibers (glass wool) for acoustical & thermal insulation.  Also in textile manuf, & alkali resistant (AR) glass fibers can be used as reinforcing in conc. and plaster
Glass types:
Plate Glass - Still use term but, no major manufacturers in US, only true plate glass is recycled (reclaimed from exits. Applications) or wired glass imported from Japan or Europe. Double strength glass (DS) – 1/8” thick float glass, old term, single-strength 3/32” glass (SS) also old term

Float glass – annealed glass, no longer used – is always annealed in US.  From 1/8” (3mm) to 7/8” (22mm) thick, manuf in metric so thickness is nominal w/ std nominal ¼” class being 6mm thick.

Patterned glass – variety of patterns, textures, designs – all obscure vision & reduce light transmission.  Popular patterns: ribbed, frosted, hammered, fluted, can come tempered
Tempered glass – heat treated for impact resistance.  3-5 times stronger than plate glass, more $$$ pulverizes into small granules when broken.  Used in doors, storefronts, other public areas.  Cannot be cut, drilled or altered after manufacture.

Insulating glass (multi-glazing) – 2 or more sheets separated by a hermetically sealed air space for thermal insulation, acoustical control, an absence of condensation.  From almost any type of class, in exact sizes, cannot be altered after manufacture.  Seals can be glass-to-glass or metal-to-glass, reflective surface can be on various faces of the glass.

Heat-absorbing glass (actinic glass) – tinted to absorb high degree of solar radiation, transmits less solar hear and glare into a building.  Bronze, gray, blue-green in color.

Reflective glass – reflective film between 2 sheets of clear glass, or thin film of metal oxide on surface of glass.  Like a mirror reflecting heat and glare, similar to heat absorbing
Laminated glass – plastic sheet between 2 layers of glass bonded under heat and pressure.  When breaks plastic sheet holds the broken glass in place, reducing risk of injury.  Better acoustic insulator than solid glass.  2 types: safety glass (in cars, skylights) bulletproof glass (4 or more layers of glass laminated to 3 or more layers of plastic) when strong impact may occur, in banks and prisons.
Wired glass – wire mesh in the middle of glass during manufacture.  High impact resistance, remains intact after breakage.  Used where fire resistance required, in skylights or other overhead glazing.  Variety of wire patterns.

Butt-joint glazing (glass-to-glass joint) – glass sheet w/conventional head & sill frames, no vertical mullions, clear silicone sealant forms vertical joint between sheets.

Mirrored glass – metallic reflective coating to one surface

Psychiatric glass (one way glass) – mirror on one side, transparent on other if light on mirrored side is greater than other

Structural glass – opaque for ext. building panels

Corrugated glass – decorative partitions, or in wired form for skylights, roof panels

Glass block – ‘masonry’ units

Glazing Plastics
Plastic – vast range of synthetic materials
Some plastics that have replaced glass applications in skylights, translucent roof areas, fixed windows, interior partitions, luminous ceilings.

Acrylics, polycarbonates, polyesters, polystyrenes used

All in transparent, translucent, opaque sheets, fire-resistance or slow burning

In flat or corrugated sheets can replace glass in most windows, skylights, shower enclosures, roof panels, interior screens where various transparent, obscure or colored panels may be desired.

Not as hard as glass, scratches easily, not as durable.

High coefficient of thermal expansion, must be allowed to contract or expand.  Most $$$ than glass but more resistant to fire and breakage, can be easily cut, bent and formed

Glazing

Process of placing glass or glazing plastics in windows and making a weather tight joint between glass and its frame using its various materials.

Panels are set in grooves designed to receive them, held in place with glazing beads, points or clips and sealed in place w/various glazing compounds.

Glazing Details – face putty, wood stop, steel frame, glazing gasket, aluminum frame

Types of glazing compounds – putties, elastic compounds, polybutene tape, polysulfide elastomer compounds, and structural glazing gaskets (compression or zipper types) which are molded or extruded shapes made from rubber, neoprene, vinyl or other synthetics (good for thermal expansion and contraction)
Clearance allowed so glass surrounded be water-tight seal of compound, should not be in tension or happen where moisture might be trapped (seal could fail)

Finish Work

Refers to methods, materials & treatments that comprise the interior and exterior finished surfaces of a building.  Finish work is what one sees super-imposed over a building’s structural framework.
Interior finishes – floor finishes (paving, planking, carpeting), wall finishes (paneling, veneering, tiling), ceiling finishes (plastering, painting, acoustical treatment)

Exterior finishes – entire outside surface of a building (wall coverings, ornamentation, protective coatings like paint)

Selection by – characteristics, cost, aesthetic effect

Exterior considerations – weather resistant, durable, relatively free of maintenance, architecturally appropriate in scale, texture, pattern, color.

Interior considerations – durable, easy to maintain, functional (considering fire, thermal, acoustical where appropriate), aesthetically suitable.

Element that defines the refined from crude

Plaster Work

One of oldest finishes still used; 4,000 yrs ago in Egypt, Greek and roman builders also used it.
Plaster comes from ancient Greece, meant ‘to mold’

Cementitious material applies in layers on both interior and exterior surfaces.
From Portland cement (for exterior plaster or stucco), or gypsum and lime (for interior plaster); an agg, usually sand, vermiculite or perlite; and enough water to form a workable paste.

Hairs, fibers or mineral agg are added to add a desirable quality.

Applied in 2 or 3 coats over a base of concrete or masonry, metal lath, or various types of lathing board.

Other types or plaster:
Acoustic plaster – provides acoustical treatment for walls and ceilings

Bonding plaster – used on interior concrete walls and ceilings

Fire-resistant plaster – provides fire resistance for steel and other materials

Keene’s cement plaster – contains lime putty for hard, water-resistant finish

Lightweight plaster – contains vermiculite or perlite aggregates for fire resistance

Bases – include concrete, masonry, lath

Conc. and masonry need to be rough and porous to provide a good bond
Lath needs to be provided otherwise or furring channels

Metal lath – sheet metal or wire fabric into which base coat of plaster is keyed.  From copper alloy steel coated w/rust-inhibiting paint or from galvanized steel, specified in lbs/Square yard.
Types – flat expanded (diamond mesh), rib lath (flat or high rib), woven wire mesh or lath.  When plastered metal is completely embedded, creating a mechanical bond between plaster and metal.

Lathing board (plasterboard, gypsum lath, gyplath) – gypsum mixed w/ water, hardened & dried between 2 sheets of heavy porous paper (adhesion for plaster).  Standard size 16”x48”, 3/8 or ½” thick.  Solid sheets, perforated sheets (better for keying), solid w/reflective aluminum foil on one side (vapor & thermal control), type X (fire-resistive rating).  Nailed horiz. To wall framing spaced 16” OC.  Vertical joints staggered to coincide w/studs, blocking, etc.
Trim shapes are set before plaster is applied (metal corner beads and casings beads for edge and corner protection, plaster grounds and screeds to ensure level and plumb surface also consistent thickness)

Interior plaster over metal lath 5/8” thick, over gypsum lath ½” thick

Exterior plaster ¾” to 7/8” thick depending on base.

Mixed mechanically, applies in 3 coats – scratch, brown, finish, in 2 coat work scratch and brown combined for base coat
Properties

Coat

Sand/Plaster
Thickness

1st – Scratch 
2 parts to 1
¼”

2nd – Brown
3 parts to 1
¼”

3rd – Finish
1 ½ parts to 1
1/8”

Applied by hand, variety of textures, or machine applies for mechanically textured finish
Must be cured, like concrete

Never apply below 40 degrees Fahrenheit, rapid evaporation must also be avoided

Veneer plaster – dense plaster applied in thin coat over gypsum lath.  Can have smooth or textured finish, usually paint after 24 hours

Gypsum Board

Prefabricated form of plaster used in place of 3-caot interior plaster.
Applied in large single-thickness sheets = faster than wet plaster, cleaner to use, req’s less protection of other work, less final cleanup

Gypsum plaster core reinforced w/paper or other materials laminated to both sides

Other terms: Sheetrock (trade name), drywall (dry sheets, not wet)

4’ widths, 6-12’ long, ¼” to 5/8” thick (thin sheets on curved surfaces)

Applied directly to wood or metal framework or to concrete or masonry walls (above grade) w/nails, screws, adhesives

Corners protected w/ metal trim, all joints, nailhead depressions and other dents covered w/perforated tape embedded in joint compound, when hardened sanded smooth & painted or overlaid w/wall covering

Prime coat – applied to board to prevent raising a nap on paper surface

Common types of board:

Regular board – surfacing for walls & ceilings

Backing board – backing for other materials (acoustical tile)

Insulating board – alum foil laminated to one side (reflective insulation and vapor barrier)

Type X board – fire-resistive rating

Moisture-resistant board – backing for ceramic tile in high moisture areas

Decorative board – prefinished w/decorative paper of vinyl in various textures, patterns and colors

Ceramic Tile Work

Tiles are small, flat units composed of clay or clay mixture fired in kilns at high temps.
Set on walls, floors or ceiling areas to provide permanent waterproof, durable easily maintained finish surface.

Ceramic on interior or exterior (depending on density of tile, finish and method of installation)

Square, rectangular, hexagonal, many other shapes

Size varies 1-9” long and wide, ¼ - 1” thick

Trim tiles – various shapes for corners, bases, coves, caps, other moldings

Common trim shapes – bullnose, cove base, bullnose, double bullnose, bead, flat tile, cove, curb or cap

Made by burning clay that have been pressed into shape by the dust-press process of the plastic process

Vitrification – the fusion of the tile after firing (measure of tile density)

Common classifications:

Non-vitreous tile – moisture absorption rate 7-15%

Semi-vitreous tile – moisture absorption rate 3-7%

Vitreous tile – less than 3% of weight in moisture and density that it cannot be penetrated by dirt

Impervious tile – repels almost all moisture and dirt.  Very hard, available only by special order

Finishes – vary greatly, glazed or unglazed

Glazed – glassy, waterproof surface, by ceramic material fused onto face, glazes can have different textures or degrees of matte finish, pure white to jet black and all in between
Unglazed – color/texture from clays used or from minerals added prior to firing

Common tile types:

Glazed interior tile – non-vitreous, from dust-pressed process, used for interior surface applications

Glazed weatherproof tile – semi-vitreous tile or vitreous, used for moderate wear on the exterior

Ceramic mosaic tile – generally unglazed, semi-vitreous, less than 6 sq in (when larger called pavers) often factory mounted for ease of installation, for int. or ext.

Quarry tile – unglazed units, from plastic process and nearly impervious to moisture, dirt, and stains.  Weatherproof, durable and suitable for heavy duty wear

Inlaid, Faience and handmade tiles – varieties of special colorful tiles

Other types of tile – porcelain, glass, terrazzo, stone

Porcelain – impervious tile w/o clay backing good for exterior, color throughout, glaze can be different on top and bottom of tile

Glass – from glass that can be ‘tumbled’ to ease the edges and sometimes has color coatings (gold foil on back)

Terrazzo – similar to regular terrazzo only in tile form

Stone – less than ¾” thick is stone tile, installed like ceramic also thin bed methods not typ. For dimensional stone

Setting – great care, backing surfaces must be rigid, water-resistant, level or plumb.  Poor prepped surfaces or additional structural movement causes cracking at grouted joints, possible leakage.  Often set in mortar bed 1” thick (1 part Portland, ½ hydrated lime, 5 sand), adhesives (thinset), latex Portland mortar, epoxy mortar, mastic (organic mortar).  After placed grouted and pointed (to shape and compress joint) w/rich mixture of cement and lime.  Grout is worked into joints (1/16-1/2” wide) wiped clean after.
Also in pre-fab panels to fit tub and shower base dims, use plastic adhesive as joint filler

Plastics

Plastics used for – flashings, flooring, countertops, etc.

Plastic siding – vinyl plastic avail. In many colors, textures, w/ or w/o insulation backing

Plastic countertops – molded in lavatory, wide color range & marbleized designs

Plastic bath tubs – full height enclosures

Plastic shower stalls – integral base and walls

All from various acrylics of fiberglass

Flooring

Finish flooring – many treatments, almost all materials that can be walked on

Typical heavy traffic floor materials – ceramic tile, terrazzo, concrete

Noise control – cork, rubber, carpet

Vinyl – grease resistant

Brick – fire-resistant

Synthetic resin – little maintenance

Selection based on – occupancy, location, anticipated use, initial cost, resistance to fire, noise, dirt, freq. & cost of maint, appearance and personal preference

Wood Flooring

Popular – suitable for wide rang of uses

Durable, comfortable, attractive, easily maintained, made under strict control of grade and moisture content

Close-grained, hard durable species of hardwood (oak, male, birch, beech, pecan) and softwood (pine, fir, spruce, hemlock, redwood) for flooring

Plain or quarter sawn, vertical grain board – preferred for best installation

Types – strip, plank, block, usually fastened to sub-floor by nails, screws, mastic cements, all pre or unfinished

Can swell and shrink, must provide expansion space at perimeter, also should be treated against decay, mold and insects

Strip flooring – 5/16” -25/32” thick, 1 ½” – 3 ½” wide, random lengths, often tongue and groove, over wood subfloor or spaced wood sleepers (horiz members that elevate finish floor above he subfloor below), fastened by blind nailing.  Can be on concrete using waterproof adhesives.  Laid in conventional parallel lines, simple patterns, intricate parquet designs

Plank flooring – same thick as strip, 3 ¼” – 8” wide, frequently random widths w/ V groove where board edges meet.  Susceptible to warpage, often screwed to subfloor through face of plank & finished smooth, wood plugs distinctive & distinguishing mark of wood plank floors
Parquet flooring – pre-fab squares 9 to 12” square, ½” – 25/32” thick.  Can be solid strips held together w/splines or plywood veneers, available unfinished and prefinished w/square or T&G edges.  Thin block flooring fastened by nails or adhesives

Solid block flooring – end-grained blocks treated w/creosote against moisture and decay.  Set in coating of bituminous material.  For workshops & industrial buildings where durable, heavy-duty floor required.  Very resistant to oil, grease, mild chemicals

Flooring patterns – plank, strip herringbone, parquet basket weave, English parquet, French parquet, Georgian parquet.

Mortar-Set Flooring

Any masonry material used as a floor finish (tile, brick, slate, natural stone)
Brick – almost any type can be used, depending on result wanted.  Acid-resistant, dense, hard, for industrial flooring

Paving brick – dense, hard, attractive finish, variety of natural colors

Building brick – warm, attractive, rustic, too porous & uneven for most interior floors

Normally laid in mortar setting bed over subfloor, can be done w/thinset or adhesives

Exterior often w/sand in tight joints

Slate – durable, attractive, expensive.  Can be rough or smooth, rectangular or irregular, rich range of natural colors.  1” thick set in mortar (joints grouted & flush), can be in adhesives or set in sand (exterior)

Stone flooring – limestone and sand stone (flagstone), granite, marble.  All stone used 1” thick, smooth surface.  Hard, durable, heavy, stains easily.

Poured-In-Place Flooring
Terrazzo, magnesite, synthetic seamless floors

Terrazzo – concrete topping of marble chips in cement or synthetic resin binder ground & polished smooth dense, permanent, hard-wearing, expensive.  5/8” thick over 2 ½” conc. setting bed (can be applied over rough concrete, wood, steel decking)  Can crack, use of reg. spaced divider strips helps, in plastic or metals embedded in setting bed.  Mixture poured between strips.  With synthetic resin strips not needed.  Wide color range, can have abrasive finish, comes in pre-fab shapes (tile, stair tread, cove bases)

Magnesite – seamless floors (magnesium oxychloride) from magnesium oxide, sand, magnesium chloride, forming a plastic material toweled to smooth finish.  ½” to 1” thick applied over wood, concrete, flat steel decking.  Resistant to stains, fire somewhat resilient, inexpensive. Good for schools, offices, industrial buildings.
Elastomeric – clear urethane resins applied in liquid over elastomer underlayment.  Hard, durable, easy to maintain.  Colored vinyl chips added for decoration

Rubberized plastic – several layers various neoprene compositions toweled over waterproof latex membrane.  Smooth, durable, completely waterproof.  Interior or exterior.

Paint-type – synthetic resin (epoxy, urethane, polyester) and activator.  When mixed applied straight to concrete, wood, metal.  Very hard, durable, wear-resistant, easily-maintained, greaseproof finish.
Resilient Flooring

Durable, nonabsorbent, comfortable, easily maintained.
Thin 1/16” to 3/16” thick, come in tiles 9” or 12” square or 6’ wide rolls

Over smooth wood, concrete subfloors w/mastic cements

Trim shapes – topset wall bases, stair nosings, edging strips

Vinyl – sheet or tile, above or below grade, Very resilient, durable, resistant to indentations, oil, water, easy to maintain, good for kitchens.  Many colors, patterns, moderately expensive

Asphalt tile – inexpensive, very durable, lacks resilience.  Good above or below grade for heavy traffic (schools, hospitals, offices)

Linoleum – durable, resilient, easy maintenance, inexpensive, long life.  Printed patterns, inlaid designs, solid colors.  Not good below grade or where moisture present.

Rubber – now synthetic rubber, durable, elastic, quiet, easy cleaning, expensive, cannot resist oil or grease

Cork – sheet or tile w/ synthetic resin binder and surface.  Highly resilient, resistant to staining, durable, easy maintenance, good acoustical

Carpeting

Area rugs, carpet tiles, wall-to-wall

In many commercial & institutional buildings

Add warmth, resilience, texture, effective noise control

Installed directly over plywood subfloor

Can use on walls for acoustics, prevent accidents

Classified by material (acrylic fibers, nylon, polyester, wool), by method of manufacture (tufting, needle punching), by texture (low pile, high pile)

Most commercial grades, durable, soil-resistant, inexpensive to maintain

Pile carpeting – density of pile (tufts/ sq in primary importance, longer & denser pile, longer the life

Cushions or padding under adds life

Tiles and wall-to-wall can come w/foam backing (no padding needed)

All need maintenance, less care than resilient flooring

Shampoo time to time to remove dirt

Can be made moth-proof, mildew-resistant, flame-resistant, stain-resistant, antistatic

Initial cost high, moderate maintenance cost = most economical floor covering

Acoustical Work

Wide range of materials used to control sound.

Almost all control by absorption

Acoustical tiles – from wood mineral or glass fibers w/perforated texture or patterned surface – allow sound to penetrate.  Lightweight, fragile, often factory finished.  1, 2 and 4’ modules w/square, beveled, rabbeted or T&G edges

Acoustical panels – perforated steel, alum, fiberboard, or hardboard, backed w/soft, sound-absorbing batt or blanket.  Permanent, more durable than tiles, acoustical properties depending on size of perfs and sound absorption value of pads used behind panel

Prefabricated tiles and panels – nailed or cemented to solid backing surface.  Tiles are fragile, almost always for ceilings suspended from structure.  Plenum for mech conduits & recessed lighting fixtures.  Support systems must be UL approved.
Wet materials – acoustical plaster, mineral-fiber w/binding agent added.  Hand toweled or machine sprayed, produce incombustible surface, both acoustical and thermal insulation values.  Good for irregular or curved surfaces.  Quick and effective to install.

Vibration control – isolating or reducing mech vibration in or near a building.  Dense materials used (lead, solid concrete block, concrete) to isolate source from building spaces.

Reduce transmission through walls – staggering studs, 2 sets of studs, finish material on resilient furring channels, fiberglass or acoustical insulation.

Painting

Over 25,000 yrs old (famous cave paintings, Lascaux)  used to be only for decoration and ornamentation

Principal purpose – protect & preserve material being painted, secondly for aesthetics

Old paint white lead & linseed oil in 3-6 coats over long time

Some synthetics can cover a all in one coat drying in 30 mins

No more white lead (lead poisoning)

Resist damaging action of weather, moisture, mildew and decay, makes surfaces more sanitary, modify light in a space, psychological effects through color and texture.

Paint – protective coating combining pigment and a vehicle.  Forms a solid film that acts as a barrier between material and elements that may adversely affect it

Pigments – ground solids held in suspension by vehicle.  Provide color and hiding power (opacity), function of different indices of refraction of pigment and vehicle.  Large diff. good hiding power, minimizes damage from sun, much is reflected.
Colored pigments, finely ground solids from inorganic materials (iron oxide for yellows, sodium silicate for blues).  Synthetic pigments widen range to total color spectrum.  Colored diff. from white (light is selectively absorbed).  Extender pigments additives to control gloss, increase durability, improve workability, and reduce cost.

Vehicles – liquid portion of paint.  Binder forms paint film, driers to speed up formation of film, solvents or thinners to control consistence & aid in drying.  Type of solvent used paint forms film by oxidation, evaporation or thermosetting action (by applied heat).  Also contain drying oils or resins alone or in combo.  Driers (linseed oil) can absorb oxygen & change into solid state.  Natural (varnish) resins or synthetic (phenolics, epoxides, alkyds, latexes, urethanes, polyvinyls) all add to durability and protective quality.

Types are numerous & widely varied.

Classified by location (exterior enamel), by material applied on (wood stain), by finish (semi gloss enamel), by unique characteristics (lacquer)

Pigmented Coatings

White pigment that color can be added and vehicle.

Include: house paints, metallic paints, colored lacquers, water-based paints, synthetic resin paints

Enamels – pigmented paints that use varnish as vehicle.  Form hard, tough film, durable and resistant to weathering, comes in gloss or matte.

Baked enamels – factory-applied, require controlled temp between 200 and 300 degrees to harden.   Hard, durable, washable, resistant to most mild chemicals
Clear Coatings

Protect & beautify w/o obscuring natural appearance.  Major changes to reduce VOC’s have been made.  Varnishes (used turpentine & mineral spirits) replaced w/polyurethanes & acrylic modified urethane coatings.  Lacquers from nitrocellulose (highly flammable) by acrylic lacquers.  Shellac (alcohol-soluble resin for sealer or primer coat) by water-based primers-sealers more durable, less water spots.  Shellac as floor finish by acrylic modified urethanes.

Clear sealers – prepare surface for another finish.  Water-borne sealers & water-repellant compounds w/acrylic, urethane & other binders available, w/better results than the products they replaced.

Stains – not strictly clear, have pigment content lower than opaque paints.  Do not obscure natural grain of wood or substrate.  Low viscosity & deep penetration, stain is absorbed (not film forming), substrate & grain remain visible
Bituminous Coatings

From coal tar and asphalt, used as protective coating for submerged ferrous metal & for waterproofing masonry materials

Coal tar pitch – must be melted to be fluid.  To protect metal & applied by dipping.  Can be applied hot or cold, used as waterproofing agents.

Asphalt – paints, enamels, emulsions.  More weather resistant than tar, less affected by temp extremes.  For dampproofing & waterproofing work

Miscellaneous Coatings

Cement – Portland cement and sometimes lime (with water as vehicle).  Can contain pigments, water-repellants or fillers.  For dampproofing masonry & concrete surfaces & steel protecting
Fire-resistant – flameproof paints (intumescent paints) don’t support combustion, can protect structural steel in fire-rated construction.  Can improve flame ratings & stop heat transfer to combustible materials

Rust-preventive paints and primers – by rust-inhibitive qualities, low permeability to corrosive elements, & low water absorption.  Come as primers, finish paints and include zinc of (sometimes) Portland cement as principal ingredient

Antibacterial – insectidal paints ass counteracting ingredients to paint.  Some lose effectiveness over time & may have toxic effect harmful to plants & animals

Epoxy coatings – resist chemicals, moisture, or stains.  1 and 2-part type coatings available
Specialty coatings – promoted by paint manufacturers for variety of purposes.  Must investigate carefully to see if actually successful.

Paint Application

Requires – knowledge, skill & understanding of painting materials & methods

Applied w/brushes, spray guns, rollers, trowels or rags at job site or by dipping, tumbling or spraying at mill, shop or factory.  Prime coat at shop final on site.

All materials must be properly prepared, must be clean, dry, free of all corrosion, grease or surface defects that will prevent adhesion.  Apply between 55-85 degrees

Must specify surface preparation (sealing knots in wood), method of application (brush, rollers), number of coats (prime, finish, etc)

All must be maintained and eventually refinished but failures (blistering, scaling, peeling) minimized if free from moisture, well prepared, and finished w/appropriate coating.

Vertical Transportation

Earliest forms of vertical transportation primitive ramps, ladders, stairs
When involved mech movement used only to move materials, not people

Romans – movable platform hoist in a shaftway w/guides by hand-driven windlasses, others w/animal power, used to lift materials during construction or transport products to elevated stories or over steep mountain cliffs

19th century – steam-driven hoists in lieu of human or animal powered, still didn’t move people

1853 – Elisha Graves Otis developed elevator safety device.  Pair of spring-loaded elements that meshed w/ratchets in guide rails when tension of hoisting rope was released.  Demonstrated by ascending a hoist (part of the NY exposition of 1853).  Halfway up the open shaft the hoisting rope was cut but platform held steady.
By early 1900’s elevators served every new multistoried commercial structure.

Other forms – moving inclined ramp, moving stairway.  Stairway by Otis’ company & first introduced at Paris Exhibition of 1900.

Vertical transportation refers to all systems used to move people & materials vertically

2 categories: require human effort (stairs, ramps, ladders), mechanically powered (elevators, escalators, moving ramps, dumbwaiters, vertical conveyers)

Stairs
Most common means of vertical circulation between floors, design by consideration of safety & convenience

Can be as narrow as 36”, when serving 50 or more no less than 44”

Rise of step no larger than 7”

Run of tread no less than 11”

Safe practice conventional relationship

Riser + Tread = 17 to 17.5”

Riser x Tread = 70 to 75”

2 Risers + Tread = 24 to 25”

Landings as long as stair width (44” max)

Vertical distance between landing no larger than 12’

Headroom 6’-8” min

Fire stairs – for emergency exiting, number controlled by occupancy & occupant load of each floor

All must be enclosed w/fire-resistive walls, equipped w/complete fire assemblies (fire doors that open in direction of emergency travel)

Monumental stairs – (decorative stairs) used in larger buildings to connect main to mezzanine or second floor.  Larger than 88” wide need intermediate handrails, rarely permitted as legal fire stairs

Residential stairs – more lenient regulations that fire stairs in public buildings.  Smaller occupant load = not as wide, only one handrail required, fire-resistive construction not mandatory, winders and spirals sometimes acceptable.

Ramps

Inclined walkways that allow easy vertical transition between different levels
Slope of ramps:

1:20 (5.0%) or less, not considered a ramp

1:15 (6.7%) or more requires handrails

1:12 (8.3%) max slope for handicapped access

1:8 (12.5%) max slope permitted by building code (typ theater aisled)

As wide as corridors leading to them (except for handicapped, 36” min)

Handicapped ramps max rise of 30”, landings 5’ long min, railings required of ramp longer than 6’ or rise over 6”

Ladders

For roof access or in utility or service areas where space is tight and traffic minimal

Sometimes of wood, most permanent ladders fabricated from metal

Vertical ladders 18” min wide, rungs 12” apart, 6” from wall to allow for toe space

Elevators

Movable enclosures that provide vertical transportation for people an freight

Enclosed platforms (car) raised or lowered along rails w/in vertical shaft, mech equip. provides power, control and safety for operation

2 major types: hydraulic, electric

Hydraulic – directly ram-driven from below (pushed up by rod)

Electric – steel cables w/counterweights and operate on traction principle (pulled up by cables)

Hydraulic Elevators

For low rise buildings (50’ or 5 stories max)

Speeds from 25 to 150 feet per minute (fpm)

Used for freight in industrial or low-rise commercial buildings, passengers in garden apartments and motels, occasionally single family residences because of low speeds and short travel distance

Platform sits over plunger of ram, operates in a cylinder that usually extends as far into the ground as the elevator rises.  Oil is the pressure fluid, supply controlled by high-sped pumps
Simplicity of operation – cost is less than electric

No overhead cables of machinery, no penthouse required

Good for freight, single ram up to 10 tons, multiple rams up to 50 tons

Electric Elevators

Commercial and institutional buildings over 50’ tall

Capacities up to 10,000 lbs, speeds up to 1,800 fpm

Traction used to transmit lifting power to hoisting cables by friction when cables run over grooves in machine-driven sheave.  One end of cable is car on other counterweight (40% of load capacity) to reduce power requirements

Motor and drum assembly called traction machine, may be geared or gearless

Gearless have motor, sheave and brake all mounted on common shaft (one revolution of motor turns the main sheave one revolution

Geared machines motor and brake on one shaft, drives a second main shaft, 2 shafts connected by means of gears, motor shaft several revolutions for each turn of main shaft

Gearless for high-speed, geared (greater flexibility) for low-speed

Roping

Effect on loading and stress of cables, machine bearings, building members

Traction-type single-wrap or double-wrap.  Single cables pass over elevator machine sheave once.  Higher-speed service, additional traction by double-wrapping

Cable life is shorter in double (more bends in cable)

Roped 1:1 or 2:1 distance cable moves: distance car moves

In 2:1 roping car speed is ½ that of cable, 2:1 requires that only half the weight be lifter by motor (smaller elevator motor)

Roping arrangements: single-wrap, double-wrap, single-wrap traction 1:1, double-wrap traction 1:1, double-wrap traction 2:1, single wrap traction, underslung traction

Safety Features

Numerous and highly refined.  Main brake mounted on motor shaft, self-applying, car will stop in event of power failure

Governor – measures & limits the elevator speed by means of the control panel.  In case of excess speed, actuates safety rail clamp.  The safety rail clamp is another type of brake.  Metal jaws on the car that, in case of emergency, clamp the guide rails and hold car in fixed position.  If stopped between floors emergency exit hatch is in roof of car for access or egress.
Car bumpers at bottom of shaft to stop car if over travel at low speed.  Purpose to arrest the car’s motion more gently than a solid stop, not for free falling car.

Doors have safety edges w/spring-loaded lip.  If lip encounters an object doors open.  Automatic elevators have electric eye system.  Doors have interlocks at each floor so doors don’t open when ne elevator is there.  Also can have auto leveling devices.

Not legal exits.  If case of fire elevators return to lobby level, then only operate w/a key.

Capacity and Speed

Vary depending on use and height and overall quality of project.

Small size office building has min size elevator 2,500 lbs capacity, 5’x7’ car, 3’-6” wide door, elevators rarely exceed 4,000 lbs

Speeds adequate to provide prompt, efficient service.  Max useable speed limited by building height.

Rated elevator speed 1.6 times the rise in feet plus 350 (300’ building speed of 800fpm called for)
Recommended elevator speeds for office or general purpose buildings

Height in floors
Small

Average
Prestige
Service

2-5


200-250
300-350
350-400
200

5-10


300-350
350-500
500

300

10-15


500

500-700
700

350-500

15-25


700

800

800

500

25-35


-

1000

1000

500

35-45


-

1000-1200
1200

700-800

45-60


-

1200-1400
1400-1600
800-1000

Over 60

-

-

1800

1000

Operating Systems

Almost all automated types, replaced operator controlled switch type

Single automatic operation – car responds to first button pushed, ignoring other calls till car gets to first destination, cannot store calls but use for apartments and hospitals is ok

Collective operating system – calls are stored, answer all calls in direction of ravel (o way up will not respond for down button)

Fully automated systems for tall office buildings, advantages of selective-collective systems but service can be adjusted for varying traffic conditions (early mornings at fixed intervals or when at top auto go to lobby.

Elevators zoned in tall buildings, each car only serves group of floors. (Good for high speed operation, more efficient use of elevator equipment).

Architectural Considerations

Elevator size, number and location, depend on buildings population and function, height and number of floors, volume of traffic, car capacity and speed of elevator operation

Traffic computed for peak times, vary per building type, offices at lunch, hospitals visiting hours.  Measured by number of persons handled during a 5 minute peak interval.  Divided by 5 minute handling capacity of elevator, min number of elevators can be determined

Handling capacity of elevator computed on basis f car size (# people carried) ad round-trip time.  Typically 2 SF per person, during rush hour as little as 1.3.

Round trip time – all factors involved w/a full speed, non-stop, round trip run.

Time between intervals between 20-30 seconds, more than 35 is not good

Location of elevators – critical to pedestrian traffic flow.  Need to be centrally located, & easily accessibly from all entrances off main corridor.  Up to 3 elevators in row in line, 4 or more bank facing each other.  More than 8 should have local and express banks.

Door arrangements – can vary w/adequate width and rapid operation being necessary for efficiency.  For very small can have swinging doors, higher capacity have sliding doors.  Can open to one side, single or double speed (2 panels).  Center opening single or double speed (4 panels).  Center more efficient than side opening both loading ad unloading at same time)  Best size 3’6”
Special design considerations – depending on function.  Hospital elevator big enough  for bends, wheelchairs & stretchers 5’4”x8’4”) w/ 3,5000 b capacity or higher.  Restaurant and department stores passenger and service elevators.  Industrial buildings shift change and moving large equipment taken into consideration.  Other situations: hotels (baggage), prisons (security), theaters (peak lads), professional buildings (high visitor pop), courthouses (user separation)

Freight Elevators

To vertically transport equipment and goods (not passengers)

Low-rise buildings hydraulic ok, electric more economical for over 50’

Less finished appearance, lower speeds, greater capacity

Speeds from 75-200 fpm, may be bigger for smaller capacity

From 2,500 to 25,000 lbs or more, some can carry fully loaded tractor trailer and railroad cars

Classes of Freight elevators (from American Standard Safety Code)
Class A – general freight, loaded by hand truck.  O single piece to exceed ¼ capacity load of elevator (based on 50lbs/ SF platform area)

Class B – motor Vehicle Garage Elevator.  Autos and trucks only (30lbs/ SF platform area)

Class C – Industrial Truck Loading.  Must support impact load and weigh of truck.  Not less than 50lbs/ SF platform area

Service elevators – in residential, commercial, and institutional buildings, usually passenger elevators modified to handle oversize loads to hand trucks.  Abuse resistant interiors, horiz. Sliding doors.  Must comply w/codes for carrying passengers.  Size by largest (bulkiest) load anticipated.
Sidewalk elevators – freight or supply lifts rise to upper level by opening hatch doors in ground floor.  Hydraulic or electric, 2 stories max, 25 fpm

Dumbwaiters

Hoisting and lowering devices like small elevators for materials and supplies never people.  Platforms cannot exceed 9 SF, height not greater than 4’.  Quiet and small but cannot exceed 500 lbs.  Auto from push buttons or manual by pulling ropes.

Uses – distributing mail in office buildings, delivering books in libraries, transporting food and supplies in restaurants

Vertical conveyors – cont. flow of stuff not people through multi-story buildings.  Like escalators, continuous chain driven by electric motor, also like dumbwaiters, small, light loads, slow speeds, in enclosed fire rated shafts.  Carry trays or shelves at reg. intervals, often for paperwork or supplies.

Escalators

Also moving stairway, transport along an incline from ne floor to another.  Comfortable, rapid continuous vertical travel w/o wait time w/ elevators.  To move large #’s of people quickly, efficiently, safety (than stairs) low operation cost.
Made of custom-built steel trusses fitted between floors, endless belt (contains steps), synchronized handrail.  Normal incline 30 degrees, operating speed 90 fpm or 120 fpm

Rated by speed of operation in fpm & nominal width (hip level) 32” and 48” 2 std. first allows parent and child to share same step, second 2 adults ride side-by-side

Capacity in passengers/hour (4,000-5,000 p/hr on 32” wide 90fpm to 8,000-10,000 p/hr on 48” wide 120fpm)

Always running, unidirectional, must be in pairs, one up and one down, parallel or cris-cross

Not legal exits, difficult to enclose

Location where most can see, path of heaviest traffic, centrally located, ample space at floor levels.

In department stores, transportation terminals, convention halls, hotels, office buildings, theaters, sports arenas, places where large # of people moved in min time.

Moving ramp – like escalator but have moving tread not steps, incline up to 15 degrees, when flat moving sidewalks.  40” wide 140-180 fpm typical.  Can walk on it and double speed.  Uses in airport terminals common.

Building Codes

Fire Codes & Fire Zones – ICC/ANSI A117.1 Accessible and Useable Building and Facilities Conclusion

Building codes define allowable size of a building in area and height based on degree of danger defined by the type of occupancy or anticipate use, types of construction.
Of combustible materials limited in height and area, noncombustible w/proper fire ratings & fully sprinklered could be as large as budget allows

Define requirements for fire ratings, fire protection, egress, accessibility, materials & methods of construction sometimes related to performance characteristics (structural design requirements for dead loads, live loads, wind, snow, rain seismic loads)

IBC and NFPA have overlap but do have different methods for defining some things

History
Babylonian Code of Hammurabi (4,000 yrs old) original building code? (if building collapsed and owner killed builder put to death)

19thn century, req’s limiting type of construction and size of buildings by insurance companies.  American Insurance Association developed req’s to minimize loses
20th century communities saw the benefits & used them as basis of req’s for their communities

Over time regional codes came about.  One group in Chicago had model building code w/ snow load emphasis, Atlanta – wind, California – seismic

Groups shared as travel became more convenient, many things for snow, wind & seismic were same.

3 codes were put into common format to minimize differences

Allowable size of building varied till IBC in 2000 by ICC

In 2002 NFPA published series of codes Comprehensive Consensus Codes (C3) including FPA 5000 “building Construction and Safety Code”

Must check to see which was adopted

IBC is preferred, has 2000 and 2003 editions, NFPA 5000 has only 2002 but will be updated on regular basis

Use and Occupancy

First major design consideration

Each has specific type of concern for potential panic situations

IBS has 10 different types (some 2-5 sub classifications) NFPA 5000 has them also but without abbreviations

Group A – Assembly: where more than 50 people gather for common purpose, entertainment, recreation, food or drink, there is potential that irrational action by one person could result in irrational action by many.  Irrational action called panic, doors must swing in direction of exit travel, have panic hardware allowing pressing the face of the doo to release any latch device
Group B – Business: Professional and service facilities as well as drinking and dining facilities with fewer than 50 occupants are the safest space available because most of the occupants are familiar with their surroundings and are expected t be awake while in the building.

Group E – Educational: Intended only when 6 or more children that require adult supervision during an emergency.  Education facilities through 12th grade are anticipated to have trained faculty and staff who know through fire drills the proper procedures for all school occupants.  Like assembly panic hardware where more than 50 people.

Group F – Factory: Factories with moderate and low hazard materials and standard industrial use share many of the requirements for Group B.

Group H – Hazardous: facilities that involve manufacturing, processing, generation or storage of materials that constitute a physical or health hazard such as explosive, combustible, corrosive, or toxic materials have special limitations and requirements.

Group I – Institutional: Facilities that house people day and night who are supervised 24/7 either due to medical problems or due to incarceration for the public welfare such as hospitals, nursing homes, nurseries, sanitariums, jails, prisons, and reform schools.  Some daycare facilities are also considered institutional occupancies.

Group M – Mercantile: Facilities for display and sale of merchandise presently share the same requirements as Group B.

Group R – Residential:  facilities used for sleeping other than institutional facilities including both transient facilities such as hotels (R-1) and primarily permanent facilities such as apartment houses and dormitories (R-2) and also one and two family dwelling units (R-3).  May be the least safe b/c occupants can be sleeping and there is no 24-hour supervision.  Sleeping person could inhale sufficient smoke to suffer “smoke inhalation syndrome” which related to a loss of oxygen supply to the brain that causes sufficient confusion to prevent the person from being able to open a door with a key.  More people die from fire in homes than any other occupancy.
Group S – Storage: facilities used for storage including garages, aircraft hangers, and helistops.  People may work in these facilities.

Group U – Utility: Facilities are not intended for human occupancy, including private garages, carports, sheds, fences, stables and towers.

Types of Construction

Key factor in determining the relative safety of a building.
2 specific characteristics considered – whether the structural materials are classified as noncombustible or combustible and how long the structure can be anticipated to not collapse after a fire begins based on hours (4, 3, 2 or 1 hour fire rated construction)

Noncombustible Construction

Structural components must be made of steel, concrete, masonry or some other “limited combustible” materials but not wood.  May or may not have fire rated structural components.  IBC and NFPA 5000 consider Type I and II to be noncombustible

Combustible Construction

Structural components of wood of other materials determined to be combustible (some plastics).  May or may not have fire rated structural components.  Both codes consider Type III, IV and V to be combustible.

As important as type of construction is if the primary structural materials are combustible is the amount of time the structure can be expected to continue to support load without collapse after fire starts.

Fire Rated Construction

IBC requires highest rated structure Type IA (can support design load for not less than 3 hours after fire starts).  NFPA 5000 4-hour in highest rated structure Type I (442).  NFPA 500’s Type I (332) closer to IBC Type IA.  Noncombustible buildings often unlimited in height b/c fire personnel can fight fire from within w/o danger of collapse.

Both codes have code nomenclatures for 2, 1 and non-rated construction.  Non-rated building will collapse in less than 1 hour after fire (limits height and area) to allow fire personnel to fight from within.  1-hour is also limited for the same reasons.

Safety occupancy (Group B) limited to no more than 5 stories for 1-hour rated and non-rated, 6 stories where sprinkler systems are provided
Building Volume – Area and Height

Determined by type of construction and occupancy based on table 503 in IBC and table 7.4.1 in NFPA 5000.
Unlimited heights and areas for noncombustible rated at 3-hours (exception for Hazardous Occupancies)

2-hour noncombustible can include high-rise buildings (75’ or more to the highest occupied floor)

Height restrictions given in tables based on number of stories allowed and max height of building in feet.  Different for both codes.
Allowable area in the 2 codes seem to be the same so that they are comparable.  Areas listed only beginning, increases allowed for various reasons.

Both codes allow increases based on % of accessible building frontage (greater frontage greater ability for fire personnel to fight fire from more than one direction).  Also allow increases if sprinkler system is present, permitted even if used for height or story increases.  Allow increases also based on having more than one story.

Fire

Collapse

Primary life safety concern during a fire.

If fire starts on first story of high rise can take several hours to evacuate and extinguish fire.  Important that structure holds during evacuation and extinguishing the fire.

Structure is rated on how long in hours they will be structurally sound during a fire.
Tests and experience establish ratings (1, 2, 3, or 4-hour)

Heavy timber construction (type IV) is experience established rating.  Auto 1-hour rated.  Wood w/ smallest dimension 6” or greater.

Containment and Compartmentation

Fire separation can slow the spread of fire, occupants can be assured safe egress, even if path goes through a floor w/active fire.  Can also have staging areas for fire fighters.
Walls, partitions, shafts, floor-ceilings, and roof-ceilings are rated on same basis as structure (1, 2, 3, 4-hour).  Structure is tested where containment and compartmentation requires openings in fire rated construction (doors, windows, penetrations need to be rated)

Sometimes rated for structural and containment.  Fire rating of floor assembly in high-rise would have to meet both requirements.

Exterior wall on or near a property line might need both for protection of adjacent buildings.
Exterior wall facing public way only structural (limitless glass facing public way)

Flame Spread

Wall or ceiling finishes applied structurally or for decoration need to be tested for flame spread and smoke developed.
Flame Spread ratings by ASTM E84 also referenced UL 992 and NFPA 255.  It is the “Steiner Tunnel Test”

Classifications:

Class A – Flame Spread 0-25 (Former Class I)

Class B – Flame Spread 26-72 (former Class II)

Class C – Flame Spread 76-200 (Former Class III)

IBC flame spread req’s Table 803.5

NFPA 5000 part of req’s each occupancy.

General classifications based on Occupant Group:

Enclosed Vertical Exitways (Stairs): Class A

Other Exitways (corridors): Class B

Rooms in Assembly & Institutional Occupancies: Class B

Rooms in other Occupancies: Class C

Dwelling Units (R-3): Class C

Smoke Developed/Smoke Development

ASTM E84 also tests amount of smoke developed during flame spread test.  Smoke developed 450 max in all cases.
Floor Finishes

Flame spread and smoke developed are only for wall and ceiling finishes, not floor finishes.  Floor finishes tested using ASTM D2859 or NFPA 253 (the flooring radiant panel test).  Both codes list Class I and II ratings w/Class I being more resistant to spreading fire.
Egress-Exit Access, Exit, Exit Discharge

Means of Egress – continuous and unobstructed path of travel from any occupied portion of a facility to a public way.
Egress 3 parts: exit access, exit and exit discharge

Some components found in all 3 parts.  Door w/in an office suite would be part of exit access.  Door into a fire stair part of exit.  Door leading from egress court to a street exit discharge.  Stairs, railings and ramps can also be found in any part of means of egress.
IBC Chapter 10, NFPA 5000 based on NFPA 101 Life Safety Code, specifics are part of each occupancy.

Occupancy Loads

First step – determine occupant load

Table 1004.1.2 in IBC and Table 11.3.1.2 in NFPA 5000

List occupancies or uses w/numeric floor area to be used to determine load

Both codes Business = 100 SF/occupant (architect office w/3,000 SF = 30 occupants)

Use gross SF.  Assemblies and educational classrooms use net SF

Calculate load for each defined area on floor then egress occupancy load for entire floor

Hard in office buildings

3,000 SF floor designed for 30 occupants anticipated.  If floor designed for 20 offices w/gross area of 110SF total occupants for those offices alone would be 40 occupants.  The remaining 800 SF on floor would result in additional 8 occupants or more depending on configuration & total occupant load factor of 48 or more is 60% increase.

Changing an office to a conference room (business to assembly) would further increase.  Whole floor to restaurant (also assembly) occupant load is 150 or more depending on net SF used w/o fixed seats, bench or booth seating and how much kitchen space.

Egress Width

Occupant load is necessary to determine egress width
Total exit width = occupant load factor X decimal number based on occupancy type/ required # of exits.

IBC stairway serving 1,000 persons in Business in unsprinklered building use 0.3 from Table 1005.1 = 1000x0.3=300”

Requires not less than 3 exits located remotely from each other occupant load of 501 to 1000 the 300” would be divided by 3 = each 3 exit stair must be 100” wide

Same for doors w/ 0.2 factor from IBC Table 1005.1 = 200” for 3 doors each not less than 66.67” wide

Exit doors cannot be less than 32” clear width, no more than 48” nominal width.  Most likely 36” wide doors for the 3 pairs.

Major differences between IBC and NFPA 5000 with width factors

Exit Access

Starts w/occupant in a facility and continues toll they reach the ‘exit’

In a restaurant, starts in any given seat.  Office in any office or other occupied part of the office

Consideration of the following: # exits required for each space, req separation of exits when more than one needed, travel distance to closest exit, egress through intervening spaces & corridors.

Number of exits

Typically – each building and each floor in each building not less than 2; each building and each floor w/ occupant load of 501-1000 req 3 exits, more than 1001 need at least 4.  Additional exits may be needed based on travel distance

A space w/in a floor might need 2 or more exits when occupant load exceeds 50 (except H) must have 2nd means of egress.  Assembly, conference rooms, 750SF or more needs 2 exits (50x15).  Office occupancies w/5000SF or more need 2 (50x1000)

Separation of Exits

Exits must be separated by a specific distance.  When 2 separation not less than ½ the max diagonal of the space or floor requiring 2 exits.  More than 2 exits must be reasonable distance apart so one is available of other blocked.
Travel Distance

Measuring from most remote point to closest exit, typ max travel distance is 200’ in unsprinklered buildings, 250’  for sprinklered.  Business occ. Up to 300’ w/sprinklers.  Hazardous occupancies and institutional occ’s allow less and some Factory, Storage and Utility allow 300’ typ and 400’ w/sprinklers
Egress through Intervening Spaces

Travel to an exit often requires leaving one room and passing through intervening spaces before reaching the exit.  IBC allows exiting through adjoining rooms or areas accessory to the area served as long as they provide a discernible path to the exit.

Spaces that can’t intervene – kitchens, storage rooms, closets, toilet rooms, bathrooms (kitchens in houses not prohibited)  Separate dwelling units and separate tenant spaces cannot be part of travel path.

Corridors

Final segment of exit access – corridor leading to exit
Standard corridor 44” wide.  Educational occupancies serving 100 or more require 72” wide.

Dead end corridor – when corridor continues beyond an exit but not to another exit.  Max is 20’.  IBC and NFPA 5000 have number of exceptions.  Business occupancy w/sprinklers up to 50’

Corridors must be fire-rated in most occupancies w/o sprinklers and some Institutional and all Hazardous (even w/sprinklers)

Typically needed in buildings w/o sprinklers w/occupant load over 30 & no sprinkler Residential occupancies where load is over 10.  Even w/sprinklers Residential over 10 need 0.5 hour rating.

Need to be continuous from point of entry to an exit w/no intervening rooms (except foyers, lobbies and reception rooms constructed w/ same rating)

Exits

The part of egress that either takes occupant from building or floor to a vertical exit enclosure (stair), an exit passageway, a horizontal exit or an exterior ramp of stairway.
Vertical exit enclosures are interior exit stairways and interior exit ramps.  Vertical exit enclosures are required to be 2-hour when serving 4 or more stories (including basements but not mezzanines), fewer than 4, 1-hour.  Exit enclosures can be non-rated (single residential).
Exit passageways connect multiple vertical exit enclosures where stairs cannot be continuous.  (Passageway connecting an enclosed stair tower to another at the perimeter of a building).  Can also connect an enclosed stairway to an exterior wall where stair walls are not at building perimeter.  Must comply w/same basic req’s as the vertical exit enclosure (no toilet rooms, mech closets, or storage closets opening into passageway).
Horizontal exits for Institutional to move patients or prisoners w/o leaving the building.  Now one can be horizontal as long as other is enclosed vertical exit  or and exit directly to outside.  Horizontal exits divide floor or building into compartments w/ 2-hour rated partition separating floor from exterior wall to exterior wall.

Exterior exit ramps & stairways provide 4th type as long as building is no more than 6 stories or 75’ high.  Need to be open on at least one side and need to be separated from building by fire rated construction matching vertical exit enclosures.

Exit Discharge

Final segment

As simple as door leading from vertical exit to public street & as complex as path of travel from a theater building at an amusement park to the public way including a path through another building used for selling and collecting entry tickets.

Open areas connecting to exit door to public way may need conformance w/ req’s for egress courts
Access for Persons with Disabilities – Code vs. Act of Discrimination

Present codes include specific req’s for ensuring access to persons w/disabilities.
Requirements are in International Code Council (ICC), American National Standards Institute (ANSI) A117.1, the American National Standard for Accessible and Usable Buildings and Facilities

Requirements provide for: accessible routes, entrances, parking & passenger loading facilities, special occupancies (accessible assembly area seating), toilets and bathing facilities, kitchens, drinking fountains, elevators, lifts, storage, service facilities (check-out aisle, controls, operating mechanisms and hardware, recreational facilities ad signage.
Req’s tell when these design elements are required to meet the specifics in ICC/ANSI A117.1
Same as req’s for height and area limitations, type of construction, fire ratings, egress and general construction.  Where adopted by state/local authorities building officials have right and responsibility to enforce compliance.  Citizen cannot bring a lawsuit on failure to comply  w/code unless there is a law permitting it (in Calif.)

The Fair Housing Act and the Americans with Disabilities Act are not building codes and are subject to totally different enforcement processes.

Federal Standards and Requirements: OSHA, FHAG, ADAAG, UFAS

Best known standards and requirements that impact building design and construction: the Occupational Safety and Health Act (OSHA), Safety Glass standard 16 CPR 1201, the Fair Housing Act, the Americans with Disabilities Act.

Federal agencies often adopt specific standards

Safety glass standard still exists but req’s are in model building code now.

FHA and ADA are new types of federal regulations.  Similar to code req’s for access for handicapped but part of nondiscrimination laws rather than a federal code.

3 sets of guidelines for accessibility – FHAG, ADAAG, UFAS.  The Fair Housing Accessibility Guidelines (FHAG) req’s to ensue no discrimination in private funded housing.  The Americans with Disabilities Act Accessibility Guidelines (ADAAG) for facilities other than private funded housing.  The Uniform Federal Accessibility Standards (UFAS) for construction under 4 specific federal government agencies (USPS, DOD, GSA)
UFAS only for federally funded projects, ADA for state and local government projects.  ADA only defines privately owned facilities.

State Building Codes

Most states adopt a model code with little revision.

Florida and California have extensive differences so state codes vary extensively from the model codes they were based on.

City Building Codes

Enforcement up to building officials in each community.

Communities adopt a model code with little revision except for the description of local building department operations.

Larges cities will adopt revisions to codes, sometimes they totally rewrite the code, sometimes not even like the orig. model code.

Planning and Zoning Codes

Defined by local interests and conditions.

Not nationalized, must get them from the local officials early on in a project.

Can restrict specific areas to certain types of building occupancies (commercial, residential, light industrial)

Also restrict building types in specific areas (construction materials, concrete, steel, masonry, or wood frame construction)

Can limit heights and SF (sometimes based on fire fighting equip. in area)

Can require open space, limit shadowing, & design req’s (building (or glass) colors.

Originally to limit the use of wood construction in big cities b/c of fire (Chicago & St. Louis, the great fire after the San Fran quake in 1906)

Later to stop factories from causing pollution in a residential community.

Also to prevent building on flood plains, seismic faults, hillsides prone to landslides.

Fire Codes and Fire Zones

Intended to provide for public health and safety related to management and use of exist. Structure in case of an emergency.

Fire codes provide design info  for locations, types, sizes o fire extinguishers, sprinklers, and wet dry standpipes.

Standpipe systems direct water to upper floors of a building to provide water to firefighters in an area w/o having to bring hoses up through

Dry standpipe no water in it until the connection is made at an outside hose conn.

Wet standpipe water in it all the time

Sprinklers also have water or some fire suppressing chemicals in the pipes at al times

Fire zones established to recognize type of equipment in particular area.

Sometimes incorporated into building code.

ICC/ANSI A 117.1 Accessible and Useable Buildings and Facilities

Not building regulations.  When code is adopted w/ accessibility chapters it includes this.
Even when not adopted they can help architects make buildings more accessible.

Conclusion

Architect = protect the public health, safety and welfare of the people.

Building agencies and authorities should be seen as design team members

Need to understand concepts of building codes

Look for the following when starting a new project:

Occupancy/Use (A, B, E, F, H, I, M, R, S, U)

Construction Type (I, II, III, IV, V)

Allowable Area

Allowable Height

Separations and Shafts

Fire Resistance

Fire-Extinguishing Systems

Means of egress

Access for Persons with Disabilities

Engineering and Material Requirements

Sustainable Design
“The Machine for the Living” Le Corbusier on buildings that were self sufficient and independent of there natural surroundings

Energy is not free, global climate is changing, viability of natural ecosystems is diminishing

Architects must be sensitive to the local environment – Marcus Vitruvius

History of Sustainable Design

Early on builders used natural materials (stone, wood, mud, adobe bricks, and grasses)

Nomadic tribes’ built environment changed balance little, materials would disintegrate and go back into ecosystem

Human population expanded & more demanding climates populated natural materials altered to become more durable & less natural. (Fired clay, smelted ore for jewelry, tools)  Can be reprocessed (grinding, melting or reworking) but never natural again

Some civilizations outgrew natural ecosystem, overused land, less fertile, they would move to a new area leaving the ecologically ruined home site

Conservation – economic management of natural resources such as fish, timber, topsoil, minerals and game.
1960’s DDT was exposed for the extremely harmful chemical that it was.

Sustainable design encourages a new, more environmentally sensitive approach to architectural design and construction.

Architects that designed w/empathy of nature and natural systems – Vitruvius, Ruskin, Wright, Alexander)

Principles of Sustainable Design

Why is it necessary to maintain the delicate balance of natural ecosystems:

· In the earth’s ecosystem the area of the earth’s crust and atmosphere approx. 5mi high and 5mi deep) there is a finite amount of natural resources.  People have become dependant o elements such as fresh water, timber, plants, sol ad ore, which are processed into necessary pieces of the human environment

· Given the laws of thermodynamics, energy cannot be created or destroyed.  The resources that have been allotted to manage existence are contained in the ecosystem.

· All forms of energy tends to seek equilibrium and therefore disperse.  For example, water falls from the sky, settles o plants, and then percolates into the soil to reach subterranean aquifer.  Toxic liquids, released by humans and exposed to the soil, will equally disperse and eventually reach the same reservoir.  The fresh water aquifer, now contaminated, is no longer a useful natural resource.

Need to focus on the preservation of beneficial natural elements and diminish or extinguish natural resources contaminated with toxins and destructive human practices.
One credo, The Natural Step, created by scientists, designers, and environmentalists in 1996.

Concerned with the ecosphere (5 mi or earth’s crust) and biosphere (5 mi into troposphere)

Principles are as follows:

· Substance from the earth’s curst must not systemically increase in the ecosphere.  Elements from the earth such as fossil fuel, ores, timber, etc., must not be extracted from the earth at a greater rate than they can be replenished.

· Substances that are manufactured must not systemically increase in the ecosphere.  Manufactured materials cannot be produced at a faster rate than they ca be integrated back into nature.

· The productivity and diversity f nature must not be systemically diminished.  This means that people must protect and preserve the variety of living organisms that now exist.

· In recognition of the first three conditions, there must be a fair and efficient use of resources to meet human needs.  This means that human needs must be met in the most environmentally sensitive way possible.  Buildings consume at least 40% of the world’s energy.  Hus they account for about 1/3 of the world’s emissions of heat trapping CO2 from fossil fuel burning and 2/5 of acid rain-causing CO2 and nitrogen oxides.

Built environment have monumental impact n use of materials and fuels to create shelter.
Decisions about type of systems and materials have enormous impact on future use of natural resources.

Sustainable Site Planning and Design

If the building will be influenced by sustainable design principles, its context and site should be equally sensitive to environmental planning principles.
Sustainable design encourages a re-examination of the principles of planning to include a more environmentally sensitive approach.  Smart Grow or sustainable design, or environmentally sensitive development practice, all have several principles in common.

Site Selection

Influenced by many factors: cost, adjacency to utilities, transportation, building type, zoning, neighborhood compatibility

Some design standards:

· Adjacency to public transportation.  If possible, projects that allow residents or employees access to public transportation are preferred.  Allowing the building occupants the option of traveling by public transit may decrease the parking requirements, increase the pool of potential employees and remove the stress and expense of commuting by car.
· Flood Plain.  In general, local and national governments hope to remove buildings from the level of the 100-yr floodplain.  This can be accomplished by either raising the building at lease one foot above the 100-yr elevation or locating the project entirely out of the 100-yr floodplain.  This approach reduces the possibility of damage from flood waters and possible damage to downstream structures hit by the overfilled capacity of the floodplain.
· Erosion, fire and landslides.  Some ecosystems are naturally prone to fire and erosion cycles.  Areas such as high slope, chaparral ecologies are prone to fires and mud slides.  Building in such zones is hazardous and damaging to the ecosystem and should be avoided.
· Sites with high slope or agricultural use.  Sites with high slopes are difficult building sites and may disturb ecosystems, which may lead to erosion and topsoil loss.  Similarly, sites wit fertile topsoil condition – prime agricultural sites – should be preserved for crops, wildlife and plant material, not building development.

· Solar orientation, wind patterns.  Orienting the building with the long axis generally east west and fenestration primarily facing south may have a strong impact on solar harvesting potential.  In addition, protecting the building with earth forms and tree lines may reduce the heat loss in the winter and diminish summer heat gain.

· Landscape site conditions.  The location of dense, coniferous trees on the elevation against the prevailing wind (usually west or northwest) may decrease heat loss due to infiltration and wind chill factor.  Sites with deciduous shade trees can reduce summer solar gain if positioned properly on the south and west elevations of the buildings.
Alternative Transportation

Public transportation (trains, buses, and vans), bicycling amenities (bike paths, shelters, ramps and overpasses), carpool opportunities that may also connect w/mass transit, and provisions for alternate, more environmentally sensitive fuel options suck as electricity or hydrogen.
Reduction of Site Disturbance

Site selection should conserve natural areas and restore wildlife habitat and ecologically damaged areas.  Natural areas provide a visual and physical barrier between high activity zones.  Natural areas are aesthetic an psychological refuges for humans and wildlife.
Storm Water Management

Ways to reduce disruption of natural water courses (rivers, streams, and natural drainage swales):
· Providing on-site infiltration of contaminants (especially petrochemicals) from entering the main waterways.  Drainage designs that use swales filled w/wetland vegetation is a natural filtration technique especially useful in parking and large grass areas.

· Reduce impermeable surface and allowing local aquifer recharge instead of runoff to waterways.

· Encourage groundwater recharge.

Ecologically Sensitive Landscaping

Selection of ingenious plant material, contouring the land and proper positioning of shade trees may have an effect on the landscape appearance, maintenance cost, and ecological balance.
Basic sustainable landscape techniques:

· Install indigenous plant material, which is usually less expensive, to ensure durability (being originally intended for that climate) and lower maintenance (usually less watering and fertilizer).
· Locate shade trees and plants over dark surfaces to reduce the “heat island effect” of surfaces (such as parking lots, cars, walkways) that will otherwise absorb direct solar radiation and retransmit it to the atmosphere.

· Replace lawns w/natural grasses.  Lawns require heavy maintenance including watering, fertilizer and mowing.  Sustainable design encourages indigenous plant material that is aesthetically compelling but far less ecologically disruptive.

· In dry climates, encourage xeriscaping (plant materials adapted to dry and desert climates); encourage higher efficiency irrigation, rainwater recapture, and gray water reuse.  High efficiency irrigation uses less water because it supplies water directly to plant’s root areas.

Reduction of Light Pollution

Site lighting should not transgress the property and not shine into the atmosphere.  It’s wasteful and irritating to those surrounding.  All site lighting should be downward to avoid “light pollution”

Open Space Preservation

Quality of life benefits from opportunities to recreate and experience open-space areas.  These parks, wildlife refuges, easements, bike paths, wetlands or play lots are amenities that are necessary for any development.
Properties that help increase open-space preservation:

· Promote in-fill development that is compact and contiguous to existing infrastructure and public transportation opportunities.  In-fill development may take advantage of already disturbed land without impinging on existing natural and agricultural land.  In certain cases, in-fill or redevelopment may take advantage of existing rather than new infrastructure.
· Promote development that protects natural resources and provides buffers between natural and intensive use areas.  First, the natural areas (wetlands, wildlife habitats, water bodies or floor plains) in the community in which the design is planned should be identified.  Second, the architect and planners should provide a design that protects and enhances the natural areas.  The areas may be used partly for recreation, parks, natural habitats and environmental education.  Third, the design should provide natural buffers (such as woodlands, and grasslands) between sensitive natural areas and areas of intense use (factories, commercial districts, housing).  These buffers may offer visual, olfactory and auditory protection between areas of differing intensity.  Fourth, linkages should be provided between natural areas.  Isolated islands of natural open space violate habitat boundaries and make the natural zones seem like captive preserves rather than a restoration or preservation of natural conditions.  Fifth, the links between natural areas may be used for walking, hiking, or biking, but should be constructed of permeable and biodegradable material.  In addition, the links may augment natural systems such as water flow and drainage, habitat migration patterns, or flood plain conditions.
· Establish procedures that ensure the ongoing management of the natural areas as part of a strategy of sustainable development.  Without human intervention, natural lands are completely sustainable.  Cycles of growth and change including destruction by fire, wind, or flood have been occurring for millions of years.  The plants and wildlife have adapted to these cycles to create a balanced ecosystem.  Human intervention has changed the balance.  With the relatively recent introduction of nearby human activities, the natural cycle of an ecosystem’s growth, destruction and rebirth is not possible.  Human settlement will not tolerate a fire that destroys thousands of acres only to liberate plant material that reblooms into another natural cycle.  The coexistence of human and natural ecosystems demands a different approach to design.    This is the essence of sustainable design practices, a new approach that understands and reflects the needs of both natural and human communities.
Ahwahnee Principles

Principles of new sustainable planning ideas (1991 in Ahwahnee Hotel in Yosemite)

Preamble

We need to plan communities that will more successfully serve the needs of those who live & work w/in them.  Certain principles need to be adhered to.
Community Principles
15 principles defining how communities should work

Strong emphasis on public transportation and walking, working w/in community, using natural resources, conservation.

Regional Principles

4 principles with how the regions should work

Strong emphasis on using resources specific to an area, public transportation networks, urban cores, greenbelts

Implementation Principles

4 on how to do those things

UBGBC – U.S. Green Building Council

Nonprofit trade organization incorporated in 1993
Mission – “to promote buildings that are environmentally responsible, profitable and healthy places to live and work.”

Core work – created LEED (Leadership in Energy and Environmental Design) green building system.
LEED emphasizes state f the art strategies for sustainable site development, water savings, energy efficiency, materials selection and indoor environmental quality.
USGBC comities are collaborating on new and existing LEED standards

Architectural Process

After planning the focus is on the project

4 components to every design decision: cost, function, aesthetics and time (now sustainability)

Sustainability changes the meaning of the 4

Cost

Budgets – concerned with initial cost

Sustainable design has made the decision process more holistic

Now concerned w/life cycle costing of the design

Life-cycle costing

Not only first cost but operating, maintenance, periodic replacement and residual value of the design element.

Want to pick the element with the better life cycle cost

Matrix Costing

Type of economic analysis, evaluates cost elements in a broad matrix of interaction
Function

One of primary standards of arch. Design

Sustainability is included in selection of optimal functional design components

Time

Time is a constraint that forces systematic and progressive evaluation of the design components

More time is usually spent on a sustainable project but often produces a more integrated, sustainable project.

Aesthetics

Combo of artistry of architect and req’s of the project
Sustainable design empathizes function and cost over beauty and appeal

The architect must keep all design tools balanced

Sustainability

5 goals

1. Use less

2. Recycle components

3. Use easily recycled components

4. Use fully biodegradable components

5. DO not deplete natural resources necessary for health of future generations

Standards of Evaluation

How can we objectively evaluate the quality of a sustainable project?

It’s an new filter for the design process, has checklists for evaluating the inclusion of environmentally sensitive elements into the project

LEED (sponsored by USGBC) is big part

LEED has 6 categories:

1. Sustainable sites

2. Water efficiency

3. Energy and atmosphere

4. Materials and resources

5. Indoor air quality

6. Innovation and design practice

Covers range of arch decisions

Point matrix is mixture of teaching, persuasion, example, incentive (good checklist)

Combine prerequisites (basis sustainable practices such as building commissioning, plans for erosion control, or meeting indoor air quality standards) with optional credits (water use reduction, heat island reduction, or measures of material recycled content)

Most credits are performance based against established standard (ASHRAE or American Society of Heating, Refrigeration and Air Conditioning Engineers) # of points/credit depend on how design team optimizes energy systems against ASHRAE 90.1 standard
If improve 15% get one point, if 60 the get 10 points
LEED range 40% completion = Bronze to Platinum at 81% (less than ½ dozen Platinum buildings in US)

The Sustainable Design Process

Is sustainable design organized and implemented differently from a conventional design?
The Design Team

What kind of design team is necessary for a sustainable project?

· Architects or engineers (structural MEP) with energy modeling experience

· A landscape architect with a specialty in native plant material

· A commissioning expert (if LEED employed)

· An engineer/architect with building modeling experience

Generally have larger pool of talent.  Additional members needed – wetlands scientist, energy efficient lighting consultants, native plant experts, commissioning engineers

Design Goals:

· Initial imperatives such as budget, timing, image and program necessities

· Subjective goals  such as a functionally improved and more pleasing work environment, pleasing color schemes, landscaping that compliments the architecture.

· Specific goals  such as more open space, more natural light, less water usage, and adjacency to public transportation

Additional Goals:

· Initiatives that are specific to sustainability such as fewer toxins brought into the space, daylighting in all spaces with people occupancies, less overall energy consumed, less water usage, adjacency to public transportation and improved indoor air quality

· Desire to exceed existing standards such as ASHRAE, USGBA, or American Planning Association (APA)
Research and Education

Is additional education and research necessary for a sustainable project?
Yes, many components for sustainable design are not normally included on a project.

Education of the Client

The client must understand the sustainable process and it’s potential economic and environmental benefits. (Things like life-cycle costing, recycled versus recyclable materials, non-VOC substances, daylighting, and alternate energy sources
Education of the Project Team

The scope should be discussed with the team to determine objectives.
Establishing Project Goals (scope of work, program elements, budget, schedule)

· X percent reduction of energy usage from the established norm
· Improved lighting (less energy used and more efficient dispersal of indirect light with less glare)

· Nontoxic and low VOC paint and finishes

· Increased recycled content in materials such as carpeting, gypsum wallboard, ceiling tiles, metal studs and millwork

· High-efficiency (energy star) appliances

· Wood elements are all certified wood products

· Daylighting in all work/occupied spaces

It’s the architect’s responsibility

Verify Extent of Work

Teams need to be briefed on additional obligations

Clearly establish extent and type pf effort required

Energy and Optimization Modeling

DOE-2 (US Dept. of Energy’s building analysis software)
Fine-tuning of a project’s energy components is an element in the architect’s design matrix

Modeling can assist in the project cost analysis

The Bid and Specification Process

The following should be included to facilitate the process:
· Simple definitions of sustainable elements – (what VOC, certified wood product, or dayligthing means)

· Explanation of specific characteristics of sustainable elements (state the standard that must be met, Green Label Testing Program Limits, carpet’s total VOC limit, formaldehyde 0.05 mg/m2)

· References of specific regulatory agency’s information (name, address, e-mail, phone and so on)

· Examples of suppliers that could meet the sustainable standards indicated.  There are 2 approaches

· Limit the installer to 3-5 suppliers of a product that is known to satisfy the sustainable design specification.

· Identify a list of qualifier suppliers but permit bidder/contractor to submit alternative suppliers that meet my criteria.
Changes and Substitutions

This is ok but, more stringent supervision needed to ensure that requirements are met

Energy Evaluation

Solar Design
Passive solar systems – permit solar radiation to fall on areas of the building that benefit from the seasonal energy conditions of the structure

Direct and indirect systems

Direct Gain systems – allow radiation directly into the space needing heat (greenhouse effect) south facing windows are good

Indirect gain systems – sunlight strikes a thermal mass that is located between the sun and the space.  Sunlight absorbed by mass then converted to thermal energy (heat) then into the living space

2 types: thermal storage walls and roof ponds (only difference is location wall vs. roof)

Strategies: Architectural sun control devices, light-colored roof systems, optimized building glazing systems

Lighting
The illumination of the interior of a sustainably designed building requires a holistic approach that balances the use of artificial and natural lighting sources

Daylighting

Properly filtered & controlled solar radiation that provides illumination to a building interior.

Techniques for controlled daylighting:
- Overhangs, fins, other architectural shading devices

- Sawtooth (not bubble) skylight design, allows glass to face north for illumination, not heat gain

- Interior window shading devices, allow solar gain during cool months & blocking of it in warmer months

- Light shelves, permit light to reflect off ceiling and penetrate w/o affecting views

Higher Efficiency Light Fixtures

· Fixtures that use florescent or HID lamps (more illumination/watt than incandescent)

· Fixtures designed to diffuse or bounce illumination off ceilings or internal reflectors (most efficient and cause less glare, save operating costs)

· Higher efficiency (T-8) produce more lumens/watt, no heat produced
· Fixtures that have dimmers or multiple switching capacity

· Higher efficiency lamps (fluorescent, high intensity discharge (HID) sulfur lighting (exterior only)

· Fluorescent fixtures that use high efficiency electronic ballasts

Also task lighting, LED lighting

Lighting Sensors & Monitors

Monitors are good money saving items.

Sensors can be modified to work with different factors (heat, people, time)

Lighting Models

Computer models used to see amount of light needed

Benchmarking

Standard energy consumption modules for standard types of buildings

Good way to alert design team to base energy standards

Commissioning

Process to ensure that all building systems perform interactively according to the intent of the architectural and engineering design and the owners operating needs

Process required for LEED.

Innovative Technologies

Ground Water Aquifer Cooling an Heating (AETS)
Alternative to full air-conditioning w/chillers

Low cost but may need to be approved by local environmental authority

Geothermal Energy

Use of heat contained in earth’s surface

Wind Turbines

Advantages

· Relatively cost-effective

· Tested and established technology

· Systematic started-up

· Relatively high output

Disadvantages:

· Need a relatively high mast

· Require substantial structural support

· Present potential for noise pollution

· Visually intrusive

Photovoltaic (PV) Systems

Electricity produced from solar energy when photons or particles of light are absorbed by semiconductors

Not cost effective

Fuel Cells

Invented in 1839

Electrochemical devices that generate DC electricity similar to batteries require input  of hydrogen-rich fuel

Not cost effective

Biogas

Produced through a process that converts biomass such as rapid-rotation crops and selected farm and animal waste to a gas that can fuel a gas turbine

Advantages: has high energy production, good for heat and power production, almost zero carbon dioxide emissions, eliminates noxious odors and methane emissions, protects ground water & reduces landfill burden

Small-Scale Hydro

Harnessing energy from running water, good for small scale energy production w/low cost

Ice Storage Cooling Systems

Supplement building cooling w/ice storage

3 parts: tank w/liquid storage balls, heat exchanger, compressor for cooling

Balls are frozen at night, during day cool temperatures stored in the ice are transmitted to the buildings cooling system,

