
EN380 Homework #11 Solution

Fiber reinforced plastics

1. Fiber reinforced plastic (FRP) composites are made up of what two components?

Matrix (or resin) and reinforcing fibers.

2. Name three common resin types for FRPs.

• Epoxy.

• Vinylester.

• Polyester.

3. Name three common fiber types for FRPs.

• Glass.

• Carbon.

• Kevlar.

4. Name three types of cloth based on fiber

orientation.

• Chopped mat.

• Uniaxial.

• Biaxial.

5. Name three layup types for FRPs.

• Hand layup.

• Vacuum bagging.

• Pre-pregs.

6. What is the primary purpose of using a core with FRPs?

To add flexural stiffness without adding a great deal of weight by increasing the distance between the

FRP layers and the neutral axis.

7. Name three types of core materials used in FRPs.

• Foam.

• Honeycomb.

• Wood.

8. What is meant by a laminate schedule?

It is an ordered list of plys specifying fiber type, orientation, and weight.
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More Concrete!

1. A 80 ft long concrete beam is to be loaded in simple uniform beam bending, with loading of w =

175,000 lb
ft . The 10 ft× 17 ft, symmetric, beam cross-sectional profile is shown below.

h

To ensure that the concrete remains in compression, 80 wire-rope, pre-tensioned, steel tendons are

embedded in the beam during fabrication to provide pre-stress. Assuming that the tension is the same

for each cable, that they collectively produce a uniform compressive stress across the cross-section of

the beam, and using a factor of safety. Use a F.S. of 2 to the yield stress for the cables.

Iyy = 3,111.28 ft4 Ac.s = 83.82 ft2 σmin of 2500psi in Concrete (Compressive)

h

(a) Recall from beam bending theory that the maximum bending moment occurs at mid-span for a

simply supported beam with uniform loading w lb
ft , M(x = L

2 ) is equal to w·L2

8 . Find M(x = L
2 ).

M

(
x =

L

2

)
=
w · L2

8
=

175,000 lb
ft · 80 ft2

8
= 1.40× 108ft · lb

(b) Also recall from beam bending theory that the bending stress at any point in the beam is given

by σbending = M ·c
Iyy

where c is the distance from the neutral axis to the location of interest (in the

z direction). What is the bending stress at the bottom face of the mid-span of the beam? Express

your answer in psi. Is the beam in compression or tension here?

c =
h

2
=

17 ft

2
= 8.5 ft

σbending

(
L

2

)
=

1.40× 108ft · lb · 8.5 ft
3,111.28 ft4

σbending

(
L

2

)
= 3.82479× 105

lbf

ft2
· 1 ft2

144 in2
= 2,656 psi

The bottom face is under tension. This loading condition is undesirable for concrete.
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(c) How much total force must the wire tendons carry to maintain the above σmin on the concrete?

Draw the stress profiles of the bending stress, the stress applied by the tendons onto the concrete,

and the resultant stress (including the effect of the tendons).

σApplied to Beam = |σmin, compressive|+ |σtensile, bottomface|

σApplied to Beam = |2,500 psi|+ |−2,656 psi| = 5,156 psi

FTotal, Applied compressive = σApplied to Beam ·Across−section = 5,156 psi · 83.82 ft2 · 144 in2

ft2

FTotal, Applied compressive = 6.223× 107 lbf

Bending Stress in Beam Stress of Tendons on Beam Resultant Stress on Beam

+ =

(d) Using the F.S. above, what diameter must the wire ropes be to carry this load if σy,steel =

110 ksi,
(
round up to the nearest 1

4 in
)
?

σAllowable =
σy
F.S.

=
FTotal, Applied compressive

ATendon · nTendons

ATendon =
πDTendon

2

4
⇒

⇒ DTendon =

√
4 · FTotal, Applied compressive · F.S.

π · nTendons · σy
=

√
4 · 6.223× 107 lbf · 2
π · 80 · 110× 103 psi

= 4.24 in

→ DTendon = 4
1

4
in
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