
IDE 110 S08 Test 4 Name:  __________________________ 
 

1. A cross section of a beam is shown.  For any moment M about 
the z-axis, which point will have the greater bending stress 
magnitude (either tension or compression)? 
 
______  Point K 
 
______  Point H 

 
2. If the beam in Problem 1 is subjected to a negative moment 

about the z-axis, which bending stress will have the greater 
magnitude? 

 
______  Compression bending stress 
 
______  Tension bending stress 

 
3.  Determine the distance from the bottom of the cross section in Problem 1 to the centroid. 
 

 
y from bottom = __________ in. 

 
 

 
 
 
 
 
 
 
 

4.  Determine the moment of inertia about the z-axis for the 
cross section shown.  Note that the centroid is 5.167 in. 
from the bottom. 

 
 

Iz = __________ in.4
 
 

 
 
 
 
 
 



5.  Determine the maximum bending moment in the following beams. 
 

Mmax = __________ kN-m 
 

 
 
 
 
 
 
 
 
 
 
 

Mmax = __________ kN-m 
 
 
 
 
 
 
 
 
 
 
 
 

Mmax = __________ kN-m 
 
 
 

 
 
 
 
 
 
 
 

Mmax = __________ kN-m 
 



6.  For the beam shown, the allowable compression bending 
stress is 60 MPa, and the allowable tension bending stress is 
70 MPa.  Determine the maximum value of M that can be 
applied as shown to the beam. 

 
 

M = __________ kN-m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.  For the moment diagram and cross section shown, 
compute the maximum tension and compression 
bending stresses produced at any location along 
the beam span. 

 
 
σ max tension = __________ MPa 
 
σ max compression = __________ MPa 
 
 
 
 
 
 



8.  A HSS10×4×1/2 standard steel shape is 
used to support the loads shown on the 
beam.  The shape is oriented so that 
bending occurs about the strong axis.  
Determine the magnitude of the maximum 
bending stress in the beam.  Note that the 
shear-force and bending-moment 
diagrams have been provided in kips and 
kip-ft. 
 
 
σmax = __________ ksi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



9.  Circle the most economical WT beam in the following table if a  
section modulus Sx ≥ 8 in.3 is required. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10.  Two ¼ in.×8 in. steel [E = 30,000 ksi] plates are securely 

attached to a pine [E = 2,000 ksi] timber to form a composite 
beam.  Determine the maximum bending stress magnitude in the 
steel if a moment of 100 kip-ft is applied about the horizontal 
axis of the beam. 

 
 
σ max steel = __________ ksi 

 
 
 
 
 
 
 
 
 
 
 
 



11.  The tee shape is used as a short post to support a load of P = 2,500 lb.  The load P is applied at a 
distance of 5 in. from the surface of the flange.  Determine the normal force and bending moment 
located at section a-a.  Also determine the magnitude of the bending stress at point K.  Note that the 
centroid location and moment of inertia are provided. 

 
 

Ν = __________ lb 
 

Μz = __________ lb-in. 
 

σK = __________ psi 
 
 
 
 
 
 
 
 
 
 
 
 
 



TRIGONOMETRY 

STATICS  

MECHANICS OF MATERIALS 

    
sin θ = opp / hyp
cos θ = adj / hyp
tan θ = opp / adj

  

Symbol Meaning Equation Units

x, y, z centroid 
position y = Σyi Ai / ΣAi in, m

I moment 
of inertia I = Σ(Ii + di

2Ai) in4, m4

J
polar 

moment 
of inertia

Jsolid circular shaft
 

= πd4/32 
Jhollow circular shaft 
= π(do

4 - di
4)/32

in4, m4

N normal 
force  lb, N

V shear 
force V = ∫ -w(x) dx lb, N

M bending 
moment M = ∫ V(x) dx in-lb, Nm

equilibrium
ΣF = 0 

ΣM(any point) = 0
lb, N 

in-lb, Nm

 Topic Symbol Meaning Equation Units

axial

σ, sigma normal stress   
σaxial = N/A 

τcutting = V/A 
σbearing = Fb/Ab

 
psi, Pa

ε, epsilon normal strain
εaxial = ΔL/Lo = δ/Lo

 

εtransverse = Δd/d
in/in, m/m

γ, gamma shear strain γ = change in angle, γ = cθ rad

E Young's modulus, modulus of elasticity σ = Eε (one-dimensional only) psi, Pa

G shear modulus, modulus of rigidity G = τ/γ = E / 2(1+ν) psi, Pa

ν, nu Poisson's ratio ν = -ε'/ε  
δ, delta deformation, elongation, deflection

δ = NLo/EA + αΔTLo

in, m

α, alpha coefficient of thermal expansion (CTE) in/inF, m/mC

F.S. factor of safety F.S. = actual strength / design strength  



Topic Symbol Meaning Equation Units

torsion

τ, tau shear stress  τtorsion = Tc/J psi, Pa

φ, phi angle of twist φ = TL/GJ rad, degrees

θ, theta angle of twist per unit length, rate of twist θ = φ / L rad/in, rad/m

P power
P = Tω 

r2T1 = r1T2
 

r1ω1 = r2ω2

watts = Nm/s
hp=6600 in-lb/s

ω, 
omega

angular speed, speed of rotation rad/s

f frequency ω = 2πf Hz = rev/s

K stress concentration factor τmax = KTc/J psi, Pa

flexure

σ, 
sigma

normal stress  σbeam = -My/I psi, Pa

σ, 
sigma

composite beams, n = EB/EA σA = -My / IT σB = -nMy / IT psi, Pa

τ, tau shear stress  τbeam = VQ/Ib  where  Q = Σ(ybar i Ai ) psi, Pa

q shear flow q = VbeamQ/I = nVfastener/s  
v or y beam deflection v = ∫∫ M(x) dx2 / EI in, m

Topic Equations Units

stress 
trans- 

formation 

planar rotations 
σu = (σx+σy)/2 + (σx-σy)/2 cos(2θ) + τxysin(2θ)

σv = (σx+σy)/2 - (σx-σy)/2 cos(2θ) - τxysin(2θ)

τuv = -(σx-σy)/2 sin(2θ) + τxycos(2θ) 

principals and max in-plane shear 
tan(2θp) = 2τxy / (σx-σy),  θs = θp ± 45o 

σ1,2 = (σx+σy)/2 ± sqrt { [ (σx-σy)/2 ]2 + τxy
2 }

τmax = sqrt { [ (σx-σy)/2 ]2 + τxy
2 } = (σ1-σ2)/2 

σavg = (σx+σy)/2 = (σ1+σ2)/2

psi, Pa

strain 
trans- 

formation 

planar rotations 
εu = (εx+εy)/2 + (εx-εy)/2 cos(2θ) + γxy/2 sin(2θ)

εv = (εx+εy)/2 - (εx-εy)/2 cos(2θ) - γxy/2 sin(2θ)

γuv/2 = -(εx-εy)/2 sin(2θ) + γxy/2 cos(2θ) 

εz = -ν (εx + εy) / (1-ν) 

principals and max in-plane shear 
tan(2θp) = γxy / (εx-εy),  θs = θp ± 45o 

ε1,2 = (εx+εy)/2 ± sqrt { [ (εx-εy)/2 ]2 + (γxy/2)2 }

γmax/2 = sqrt { [ (εx-εy)/2 ]2 + (γxy/2)2 } 
εavg = (εx+εy)/2

psi, Pa 

in/in, m/m 

Hooke's 
law 

1D strain to stress 
σ = Eε  

2D strain to stress 
σx = E(εx+νεy) / (1-ν2) 

σy = E(εy+νεx) / (1-ν2) 

τxy = Gγxy = Eγxy / 2(1+ν) 

2D stress to strain 
εx = (σx-νσy) / E 

εy = (σy-νσx) / E 

εz = -ν(εx+εy) / (1-ν)  

γxy = τxy/G = 2(1+ν)τxy / E

psi, Pa 

in/in, m/m 

pressure

σspherical = pr/2t 
σcylindrical, hoop = pr/t  
σcylindrical, axial = pr/2t 

σ radial, outside = 0 

σ radial, inside = -p 
psi, Pa

failure 
theories

maximum principal stress theory 
σ1,2 < σyp 

maximum shear stress theory 
τmax < 0.5 σyp 

psi, Pa


