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QUESTION 1:

The linear range is from -0.098 inches to 0.102
Calibration factor: Slope of best fit line of the linear range = 101.57 V/in
QUESTION 2:
Leadership in Energy and Environmental Design (LEED) requires that projects meet the prerequisites in some categories order to qualify for the lowest LEED certification level: 
Sustainable sites – sustainable landscapes, storm water runoff management, heat island effect reduction, reduction in pollution
Water efficiency – reduction of potable water used by indoor plumbing fixtures 
Energy and atmosphere – documentation of best management practices of energy efficiency, minimum energy efficiency performance, the building should not use any chlorofluorocarbon.
Materials and resources – solid waste management policies, implementation of an environmentally preferable purchasing policy.
Indoor Environmental Quality – Establishing a minimum standard for indoor air quality, implementation of controls for reducing, minimizing and preventing tobacco smoke exposure, implementation of a green cleaning procedures. 
The LEED requirements for wood certification are as follows:
· Each wood product must be identified on a line-item basis
· Forest Stewardship Council (FSC) products must be identified on a line-item basis
· The dollar value of each line item must be shown
· The vendor’s chain of custody certificate number must be shown on any invoice that includes FSC products.
The LEED credit area that can be awarded the greatest number of points is the Energy and atmosphere category.
QUESTION 3:
Living Building Challenge is a rating system that is performance based and certifies projects such us landscape and infrastructure projects, partial renovations and complete building renewals, new building construction, neighborhood, campus and community design.
WELL Building Standard is a certification program for new and existing buildings, new and existing interiors, core and shell retail, education facilities, restaurant, commercial kitchen and multifamily residential
NZEB provides a certification option for a Net Zero Energy Building. These buildings have 100% of their energy is supplied by renewable energy on a net annual basis.
QUESTION 4:
[a] The elastic region is the region in which a material can deform linearly and proportionally to stress without going through permanent deformation. The plastic region is where a material exhibits permanent deformation when subjected to stress.
[b] A proton is a positively charged particle that is found in the nucleus of an atom. 
An electron is a negatively charged particle that orbits the nucleus. 
The atomic number is the number of protons in the nucleus of an atom.
Atomic weight refers to the sum of protons and neutrons in the nucleus of an atom
[c] Valence electrons are electrons located in the outermost shell of an atom that can be transferred to or shared with another atom. These electrons are important because they are used in bonding in order to create new compounds.
[d] Electrons tend to fill low energy shells and subshells first then fill in the order of s, p, d, f orbits. Individual electrons fill up a shell first and once all shells are occupied by at least an electron, the remaining electrons will occupy the shells already with an electron so that the shells have a pair of electrons.
[e] An ionic bond is the bond shared between an atom of a metallic element and an atom of a non-metallic element. The metallic element ‘donates’ electrons to the non-metallic element. A covalent bond is a type of bond that involves the sharing of atoms between atoms of different elements. A metallic bond is a type of bond formed between positively charged atoms in which the free electrons are shared among a lattice of cations.




QUESTION 5
[b]
	0.2% Carbon
	0.5% Carbon
	0.8% Carbon

	Stress (MPa)
	Strain(mm/mm)
	Stress (MPa)
	Strain(mm/mm)
	Stress (MPa)
	Strain(mm/mm)

	0
	0
	0
	0
	0
	0

	270.9453751
	0.0014
	270.9453751
	0.0014
	270.9453751
	0.0014

	279.0941082
	0.002
	389.1020049
	0.002
	389.1020049
	0.002

	289.2800246
	0.003
	399.2879212
	0.003
	580.5972324
	0.003

	299.4659409
	0.01
	409.4738376
	0.01
	660.04738
	0.01

	285.205658
	0.02
	405.3994711
	0.02
	780.2411931
	0.02

	315.7634071
	0.05
	480.7752521
	0.05
	910.6209224
	0.05

	399.2879212
	0.1
	600.9690651
	0.1
	853.5797908
	0.1

	460.4034194
	0.15
	684.4935793
	0.15
	
	

	490.9611685
	0.2
	694.6794956
	0.2
	
	

	444.1059532
	0.25
	619.3037146
	0.25
	
	

	399.2879212
	0.275
	
	
	
	



[c]

[d] The proportional limits for each of the specimens are as follows:
Specimen 1 (0.2% carbon) – 270.95 MPa
Specimen 2 (0.5% carbon) – 389.20 MPa
Specimen 3 (0.8% carbon) – 580.60 MPa
[e]
The 0.2% offset yield strength for each specimen is as follows:
0.2% Carbon – 299.47 MPa
0.5% Carbon – 399.29 MPa
0.8% Carbon –  660.05 MPa

[f] 

All the specimens have an equal linear proportion as it can be seen in the graph above. The Young’s Modulus for all three specimens is the slope f the linear proportion, which is 193705 MPa.

[g]
Yield Strength: increasing the carbon content in steel increases the yield strength, making the specimen stronger.
Modulus of elasticity: increasing the carbon content does not change the modulus of elasticity of seel
Ductility: an increase in the carbon content of steel reduces the ductility of the metal, thus making it more brittle.













Question 6:


 [b] 

Modulus of elasticity – 208911 MPa

[c] Proportional limit – 628.91 MPa

[d] Yield stress – 629.76 MPa

[e] Ultimate strength – 710.83 MPa

[f] Stress at 155 kN = 155000 N / (37.5*6.25) = 661.33 MPa

Strain = σ/E = 661.33 MPa/208911 MPa = 0.0031656 mm/mm
Permanent strain = 0.003161656-0.0030689 = 0.00009664 mm/mm
Permanent deformation = εLO = 0.00009664*203 = 0.0196 mm
[g] It is safe because if it is loaded then unloaded the structure will have only deformed by a small margin.


Question 7:



[b]


Young’s modulus – 72587 MPa

[c] Proportional limit – 320 MPa

[d]


 Yield stress at 0.2% offset – 371.2 MPa

[e] Tangent modulus at 450 MPa: 



dy/dx = -13907.2x + 2082.6 
dy/dx at 0.04378 mm/mm = -13907.2(0.04378) +2082.6 = 1473.74 MPa
 
Tangent modulus at 450 MPa = 1473.74 MPa (ans.)



[f] Secant modulus: 450 MPa / 0.04378 = 10278.67 MPa

Question 8:

E = 

75000 MPa = 

Strain = 

Strain = 0.003667 mm/mm

Elongation = Strain * Original length = 0.003667 * 300 mm

Elongation = 1.1 mm

Question 9:

	Observation No.
	P (lb)
	Elongation (in)
	Stress (psi)
	Strain (in/in)
	ui (psi)

	0
	0
	0
	0
	0
	N/A

	1
	1181
	0.0015
	6014.78361
	0.00075
	2.256688

	2
	2369
	0.003
	12065.2179
	0.0015
	6.783439

	3
	3550
	0.0045
	18080.0015
	0.00225
	11.31019

	4
	4738
	0.0059
	24130.4359
	0.00295
	14.78115

	5
	5932
	0.0075
	30211.4279
	0.00375
	27.74777

	6
	7008
	0.0089
	35691.4509
	0.00445
	23.07771

	7
	8336
	0.011
	42454.8994
	0.0055
	41.04764

	8
	9183
	0.0146
	46768.635
	0.0073
	80.34191

	9
	9698
	0.018
	49391.5084
	0.009
	81.77758

	10
	10196
	0.0235
	51927.8016
	0.01175
	139.3847

	11
	10661
	0.0332
	54296.0272
	0.0166
	257.7234

	12
	10960
	0.0449
	55818.8217
	0.02245
	322.2493

	13
	11159
	0.0565
	56832.3203
	0.02825
	326.854

	14
	11292
	0.0679
	57509.6838
	0.03395
	326.04

	
	
	
	
	
	ut = 1655.376







Question 10:





[a] Elastic modulus = 8053886.60 psi

[b] Proportional limit = 42454.89 psi

[c] Proportional limit with 0.2% offset = 47751.89 psi

[d] Tensile strength = 57509.68 psi

[e] Strain at 0.016 in = 0.016/2.0 = 0.008 in/in

Stress that produces 0.008 in/in strain = E*Strain = 8053886.60*0.008 = 64431.09 psi

Load that produces this stress = stress*area = 64431.09*(π*0.52)/4 = 12651.02 lb

12651.02 lb (ans.)

[f] Elastic recovery =  = 64431.09 psi/8053886.60 psi = 0.008 in/in
 Elastic recovery = 0.008 in/in *2.0 = 0.016 in
Permanent deformation = 0 in.

[g] Yes. It is possible for loads applied to a structure to cumulatively add up to 12,651.02 lb.
Stress vs Strain of steel

stress vs strain	0	5.9211822660098525E-4	1.8669950738916257E-3	3.0689655172413794E-3	8.5911330049261089E-3	2.1315270935960591E-2	2.3359605911330048E-2	2.9704433497536948E-2	3.6152709359605913E-2	4.2167487684729069E-2	4.8551724137931032E-2	5.5256157635467984E-2	6.2009852216748762E-2	6.7926108374384231E-2	7.4881773399014778E-2	9.2448275862068968E-2	0.15145812807881773	0	78.933333333333337	359.68	628.90666666666664	629.76	636.5866666666667	643.4133333333333	656.64	669.86666666666667	680.10666666666668	687.78666666666663	694.61333333333334	700.5866666666667	704	707.4133333333333	710.82666666666671	655.36	0	78.933333333333337	359.68	628.90666666666664	629.76	636.5866666666667	643.4133333333333	656.64	669.86666666666667	680.10666666666668	687.78666666666663	694.61333333333334	700.5866666666667	704	707.4133333333333	710.82666666666671	655.36	0	5.9211822660098525E-4	1.8669950738916257E-3	3.0689655172413794E-3	8.5911330049261089E-3	2.1315270935960591E-2	2.3359605911330048E-2	2.9704433497536948E-2	3.6152709359605913E-2	4.2167487684729069E-2	4.8551724137931032E-2	5.5256157635467984E-2	6.2009852216748762E-2	6.7926108374384231E-2	7.4881773399014778E-2	9.2448275862068968E-2	0.15145812807881773	Strain (mm/mm)


Stress (MPa)



Linear portion of stress-strain curve

Linear portion os stress-strain curve	
0	5.9211822660098525E-4	1.8669950738916257E-3	3.0689655172413794E-3	0	78.933333333333337	359.68	628.90666666666664	0	78.933333333333337	359.68	628.90666666666664	629.76	0	5.9211822660098525E-4	1.8669950738916257E-3	3.0689655172413794E-3	8.5911330049261089E-3	Strain (mm/mm)


Stress (MPa)




Stress vs Strain	0	5.0000000000000001E-4	2.3E-3	4.4000000000000003E-3	8.1200000000000005E-3	1.41E-2	1.9619999999999999E-2	2.4900000000000002E-2	2.9360000000000001E-2	4.3779999999999999E-2	6.7799999999999999E-2	9.6579999999999999E-2	0.11922000000000001	0.14771999999999999	0.16094	0	42.24	179.2	320	371.2	391.68	405.76	418.56000000000006	428.8	451.84	483.84	509.44	522.24	532.48	527.36	Strain (mm/mm)


Stress (MPa)




Linear stress-strain curve	
0	5.0000000000000001E-4	2.3E-3	4.4000000000000003E-3	0	42.24	179.2	320	371.2	391.68	Strain (mm/mm)


Stress (MPa)



Stress vs Strain	0	5.0000000000000001E-4	2.3E-3	4.4000000000000003E-3	8.1200000000000005E-3	1.41E-2	1.9619999999999999E-2	2.4900000000000002E-2	2.9360000000000001E-2	4.3779999999999999E-2	6.7799999999999999E-2	9.6579999999999999E-2	0.11922000000000001	0.14771999999999999	0.16094	0	42.24	179.2	320	371.2	391.68	405.76	418.56000000000006	428.8	451.84	483.84	509.44	522.24	532.48	527.36	0.2% offset	2E-3	2.5000000000000001E-3	4.3E-3	6.4000000000000003E-3	1.0120000000000001E-2	0	42.24	179.2	320	589.40590954475999	Strain (mm/mm)


Stress (MPa)



Plastic portion of stress strain curve

Secant modulus	
2.9360000000000001E-2	4.3779999999999999E-2	6.7799999999999999E-2	9.6579999999999999E-2	0.11922000000000001	0.14771999999999999	0.16094	428.8	451.84	483.84	509.44	522.24	532.48	527.36	Strain (mm/mm)


Stress (MPa)




Stress vs strain	0	7.5000000000000002E-4	1.5E-3	2.2499999999999998E-3	2.9499999999999999E-3	3.7499999999999999E-3	4.45E-3	5.4999999999999997E-3	7.3000000000000001E-3	8.9999999999999993E-3	1.175E-2	1.66E-2	2.2450000000000001E-2	2.8250000000000001E-2	3.3950000000000001E-2	0	6014.7836108410193	12065.217928943584	18080.001539784604	24130.435857887169	30211.427925071064	35691.450926988873	42454.899390322382	46768.634968969585	49391.508431783404	51927.801605533474	54296.027159336241	55818.821655222331	56832.320333086311	57509.683771055708	Strain (in/in)


Stress (psi)



Linear stress vs strain curve

0	0.00075	0.0015	0.00225	0.00295	0.00375	0.00445	
0	7.5000000000000002E-4	1.5E-3	2.2499999999999998E-3	2.9499999999999999E-3	3.7499999999999999E-3	4.45E-3	0	6014.7836108410193	12065.217928943584	18080.001539784604	24130.435857887169	30211.427925071064	35691.450926988873	Strain (in/in)


Stress (Psi)



Voltage	-0.11799999999999999	-0.108	-9.8000000000000004E-2	-8.7999999999999995E-2	-7.8E-2	-6.8000000000000005E-2	-5.8000000000000003E-2	-4.8000000000000001E-2	-3.7999999999999999E-2	-2.8000000000000001E-2	-1.7999999999999999E-2	-8.0000000000000002E-3	0	1.2E-2	2.1999999999999999E-2	3.2000000000000001E-2	4.2000000000000003E-2	5.1999999999999998E-2	6.2E-2	7.1999999999999995E-2	8.2000000000000003E-2	9.1999999999999998E-2	0.10199999999999999	0.112	0.122	-10.119999999999999	-10.119999999999999	-10.121	-9.1340000000000003	-8.1310000000000002	-7.1109999999999998	-6.1	-5.1079999999999997	-4.0890000000000004	-3.097	-2.0590000000000002	-1.0529999999999999	0	0.98499999999999999	1.99	3.0230000000000001	4.0350000000000001	5.0709999999999997	6.0979999999999999	7.1150000000000002	8.1430000000000007	9.1440000000000001	10.157	10.156000000000001	10.156000000000001	Micrometer reading	
-9.8000000000000004E-2	-8.7999999999999995E-2	-7.8E-2	-6.8000000000000005E-2	-5.8000000000000003E-2	-4.8000000000000001E-2	-3.7999999999999999E-2	-2.8000000000000001E-2	-1.7999999999999999E-2	-8.0000000000000002E-3	0	1.2E-2	2.1999999999999999E-2	3.2000000000000001E-2	4.2000000000000003E-2	5.1999999999999998E-2	6.2E-2	7.1999999999999995E-2	8.2000000000000003E-2	9.1999999999999998E-2	0.10199999999999999	-10.121	-9.1340000000000003	-8.1310000000000002	-7.1109999999999998	-6.1	-5.1079999999999997	-4.0890000000000004	-3.097	-2.0590000000000002	-1.0529999999999999	0	0.98499999999999999	1.99	3.0230000000000001	4.0350000000000001	5.0709999999999997	6.0979999999999999	7.1150000000000002	8.1430000000000007	9.1440000000000001	10.157	


Stress vs Strain 

0	0	0	0	0	0	0	0	0	0	0	0	133	7.0000000000000007E-2	270.94537513256148	1.4000000000000002E-3	133	7.0000000000000007E-2	270.94537513256148	1.4000000000000002E-3	133	7.0000000000000007E-2	270.94537513256148	1.4000000000000002E-3	0	0	0	0	0	0	0	0	0	0	0	0	137	0.1	279.09410821925502	2E-3	191	0.1	389.10200488961834	2E-3	191	0.1	389.10200488961834	2E-3	0	0	0	0	0	0	0	0	0	0	0	0	142	0.15	289.28002457762199	3.0000000000000001E-3	196	0.15	399.28792124798531	3.0000000000000001E-3	285	0.15	580.59723242691746	3.0000000000000001E-3	0	0	0	0	0	0	0	0	0	0	0	0	147	0.5	299.46594093598901	0.01	201	0.5	409.47383760635228	0.01	324	0.5	660.04738002217982	0.01	0	0	0	0	0	0	0	0	0	0	0	0	140	1	285.20565803427525	0.02	199	1	405.39947106300548	0.02	383	1	780.24119305091006	0.02	0	0	0	0	0	0	0	0	0	0	0	0	155	2.5	315.76340710937615	0.05	236	2.5	480.7752521149211	0.05	447	2.5	910.62092243800737	0.05	0	0	0	0	0	0	0	0	0	0	0	0	196	5	399.28792124798531	0.1	295	5	600.96906514365139	0.1	419	5	853.57979083115231	0.1	0	0	0	0	0	0	0	0	0	0	0	0	226	7.5	460.40341939818717	0.15	336	7.5	684.4935792822605	0.15	0	0	0	0	0	0	0	0	0	0	0	0	241	10	490.96116847328807	0.2	341	10	694.67949564062747	0.2	0	0	0	0	0	0	0	0	0	0	0	0	218	12.5	444.10595322479998	0.25	304	12.5	619.30371458871196	0.25	0	0	0	0	0	0	0	0	0	0	0	0	196	13.75	399.28792124798531	0.27500000000000002	0	1.4000000000000002E-3	2E-3	3.0000000000000001E-3	0.01	0.02	0.05	0.1	0.15	0.2	0.25	0.27500000000000002	0	270.94537513256148	279.09410821925502	289.28002457762199	299.46594093598901	285.20565803427525	315.76340710937615	399.28792124798531	460.40341939818717	490.96116847328807	444.10595322479998	399.28792124798531	0	1.4000000000000002E-3	2E-3	3.0000000000000001E-3	0.01	0.02	0.05	0.1	0.15	0.2	0.25	0	270.94537513256148	389.10200488961834	399.28792124798531	409.47383760635228	405.39947106300548	480.7752521149211	600.96906514365139	684.4935792822605	694.67949564062747	619.30371458871196	0	1.4000000000000002E-3	2E-3	3.0000000000000001E-3	0.01	0.02	0.05	0.1	0	270.94537513256148	389.10200488961834	580.59723242691746	660.04738002217982	780.24119305091006	910.62092243800737	853.57979083115231	Strain (mm/mm)


Stress (MPa)



Stress vs Strain linear proportion

0	0	270.94537513256148	1.4000000000000002E-3	Linear portion	0	1.4000000000000002E-3	0	270.94537513256148	Linear portion	0	1.4000000000000002E-3	2E-3	0	270.94537513256148	389.10200488961834	Linear portion	
0	1.4000000000000002E-3	2E-3	3.0000000000000001E-3	0	270.94537513256148	389.10200488961834	580.59723242691746	Strain (mm/mm)


Stres (MPa)



