true fracture stress
Lecture 1: Introduction Lecture 3: Steel ap N
- Static (Dead) Loads: long term, due to gravity, members weight -~ Tron: the basic constituent of steel with carbon, found in the form of ores
- Dynamic (Live) Loads: short term, periodic, transient, random(earthquakes) - Wrought: <0.1% carbon, can be moulded easily. good corrosion resistance -
- The transition point is “clastic limit” - Steel: 0.1-0.2% carbon - Cast Iron: 5% carbon, strong/hard/brittle - pltimate
~ Brittle Material: has litle plastic deformation before failure (glass)  Steel Production: reduction of iron ore to pig iron, refining pig iron o steel, forming steel into products y slress | fracture
- Ductile Material: has lots of plastic deformation before failure (rubber, steel) - 1: blast furnace with carbon and limestone to remove impurities ar D limi stress
- Creep: long term deformation under constant load - 2: remove excess carbon/impurities by oxidation in furnace o (yield stress
- High Temp = ductile Low Temp= brittle - 3: cast into ingots and continuous shapes ol
- Modulus of Resilience: energy required to reach yield point - Higher Carbon: steel is harder and more brittle, E is the same
- Toughness: energy required to fracture - Strengthening Mechanisms: alloying, strain hardening, heat treatments
- All materials expand and contract with temperature - Slow cooling: coarse grained steel - Rapid Cooling: fine grained steel
- LEED Areas: water efficiency, materials, innovate design, sustainable site - Annealing: heating metal to austenite and slowly cooling to room temp, improves ductility and toughness, relieves internal stresses and strains o
- Procedural / Machine / Human Error - Normalizing: * difference in temp and rate of cooling, heat well above crit temp and then cool slowly in still air, removes coarse grain struc/ docs fine grain elastic |yielding Strain necking
- Quenching (Hardening): slowly heating metal to form austenite, hardens steel region hardening
- Tempering: uniform heating below critical temp followed by air cooling, increases ductili but reduces elastic | plastic behavior 1
- Corrosion Control: protective coatings, galvanic(Zn) protection, cathodic(water) protection, ¢ sistant steel ining alloys) behavior

Leeture 2: Nature of Materials
- Atoms are the basic building blocks of all materials

- Proton [+] and Neutron [] are at the centre, Electron [-] travels around nucleus in shells
- To be balanced and stable the number of electrons needs to be the same as protons

- Atomic number is number of protons in atom

- Stru Steel Products: flat rolled, sections, bolts, welding electrodes T P [ e i
for ductile material (steel) (not to scale)

- Mass Number is number of protons + neutrons Lecture 4: Aluminum E“""'

- Isotopes arc atoms that have same # of protons and clectrons but different # neutrons - Primarily used for architeetural/finishing elements like doors, not used for structure members because cxpense, strength/ductiltiy and cocfficient of thermal expansi L""“ .

- Crystal flaws have a major influence: impurities, voids - Advantages: most plentiful metal on carth, high strength-weight ratio, thermal conductivity, casy to recycles | Strain hardening range
- Valence Electrons are in the outermost shell of an atom - Aluminum Production: - Bauxites are extracted from the ground, then processed into alumina/alum oxide (red muds are made), then pure aluminum is produced f‘:;:

- Primary Bonds: forms when atoms interchange electrons to fill outer shells using electrolytic reduction in which aluminum oxide is broken into its components
- Tonic Bond: transfer of electrons from one atom to another
- Covalent Bond: atoms share electrons with similar atoms to fill outer shells

Increase in

- Metallic Bond: atoms share electrons with any surrounding atoms with few valence
- Secondary Bond: forms when an imbalanced clectric charge in atomic arrangements }:f'"'; 5 Assegaies Diation o o massora he most essenial materals for construction Material Modulus Poisson’s
- Alloys have one or more compounds dissolved in a metal Tgin bedeined s s combinionof A (Gpa) Ratio ?
- Rate of cooling of molten metal effects mechanical properties  AggreateUses: Portand Cemnt Conerse (60150 vlume,50-55% weight) Hot M Asphlt (50-90% valume 90-56% weigh) B :
- Metals: metallic bonds between atoms with 1,2 or 3 valence electrons (steel, iron) - Coarse Aggregate: material retained on a sieve with 4.75 mm opening || Fine Aggregate: material passing a sieve with 4.75 mm openings. Aluminum 69-75 0.33 e
- Inorganic Solids: covalent and ionic bonds between atoms with 5,6 or 7 valence electrons M; - 5
- Organic: long molecules of covalent H-C molecules with secondary bonds between chains ~Nominal 5% passes BRE =11y G220:40
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Type | Normal

Type  Name Formerly known as

| composition
« strength level

Type 1A Normal, air entraining U Generalwe Type 10
Type Il Moderate sulphate resistant HE  High-carly strength Type 30
. ach grade identified by a number and a letter
Bone dry - i dry— Saturated surface dry—  Moist - Type lIA Moderate sulphate resistant, air MS  Moderate sulphate-resistant Typ, + Number > yield point in MPa.

dried in oven entraining

8 HS  High sulphate-resistant Type 50 « Letter - characteristics of the 6 types of steel available
{oconstantmass  state undefined  state undefined state undefined mmended biend e h early strengt For example,
W +W, Type Il High early strength MH  Moderate heat of hydration
ssp= Wy erate heat of hydra 350W —> yield point of 350 MPa, weldable steel

ercent of Acarecate A In the blend

Type A High carly strength, air entraining

LH  Low heat of hydration Type 40

Lecture 6: Portland Cement -

- PCis named afer the limestone & chalk cifs on the isle of Portland where it was frs made in the early 1800's e

- Cement Past = cement +water || Mortar = cement paste + sand : . =

- Fraw materia meltin kiln at 14000C which forms cement clinker, add gypsum to clinker TvpeV High sulphate resi -
the rate of hydration (heat & strength pain) Summary of Hyd on of Cement

- Blaine Test: measures ai permeability againt known standard material - N

* Hydration:chemical raction of cement withw Compounds

" Noids n Hydrted Coment: ey hyrtion e, cpilryids (v i 0 high, rpped voids g pockets and decrs st ensined i (ncenses duabii)

Low heat of hydration

& Carleton Cement Composition

A glulam beam with a depth of 18 in. at moisture content of 38%

ot ¢ Industr ‘Weight
- Sifning: change from plasti o sl il an fvl) . Heat Chemical Name. Chemical Formula  otny WOE Compute the new depth if moisture content is decreased to 1
~ False Set: premature siffening within a few minutes (due to humidity in cement during storage) (vicat and fillmore tests) Compound "% Strength  Setting |, S0 - Solution
- W Raio: the most - for ty and drying L Eerste Tricalcium silicate 3Ca0°Si0, cs 4560 Assume a 304 FSP
3 x x ssume 8 30%

- Admisures: i v, e e e, ydrion sontolle,elror tpn!mzhly admixtures. Decreing e o 38%to 30% ok ce s Derssn e om
- Air Retainers: es nto the freezing causes shrinkage

Wt Reducers:increscs obily of cementparticesand vorabiy

Moderate  High Low High

Dicalcium silicate 2€20Si0, CS 1530

hrinkage (rlative 1o the green dimensions) per 5%

Low

 Retardes: delay niial sct due to ho weathr or ong haul t " i
 Hydration Comolle . and activator) [ Slow ly, Low Low Tricalcium aluminate 3Ca0-ALO, GA 612 ‘green dimension, and X,,c = dimension at any mv below the FSP
- Accclerator: speed up intial and finsl set (used or rate of stength gain) high later Totrscaloiun Xy = Xysp (1 - Rate of dimension change * Change in )

4Ca0 ALO, Fe,0;  CAF 68

Xye= 18[1-001/5°60- 12)]
New depth = Xy = 17.352in

- Fly Ash: most common used pozzolan in CE structures | Silica Fume: by product of the production o silicon metal aluminoferrite

Fast Low High  Very high

CaS0,2H,0 CSH, 25

m sulfat
dihydrate (gypsum)

C,AF Moderate Low Moderate  Moderate

Lecture 8: PC Conerete 2
- Slump Test: measures workabili

- Air Conten Test: measures totalair content (capillary and entained)
- Vibration of Concrete: can do it manually or mechanically

Lecture 9: Wood

 Finishing: must be complted before fna st used by mankind becaus tscasy 10 use, durabl, low cost, widely available
 Curing: 10 ; hydration and srength gain . srovth lightweight, notgenerally used fo engineeing,cg.palm tres
- Early Volume Shrinkage: cracking or swelling can occur - fivers grow from by layers (rings). eg. most trees
~ Creep long tenm or Jood, ansters oad - | Deidos: v, e sfow i Confos ftvond
 Incrasing W/C ratio decreases both strengeh and sifnes,sronger concrse s more britle Tree St From cnter axis ounwards:Pith e 1 support pors the sap. thin
- sy hord s o . wood growih, Inner bark, Outer bk

Tests: reborn ; maturity et - Wood is Anisotopic: propertis change with direction

- Moisture Content: shrinkage, strength, and weight depend on moisture content

FSP: I
- Shrinkage: in the tangential di Hestis in
- harvesti £




