
The two subscripts on the shear stress represent:

• Direction along which the force acts, direction perpendicular 
to the force

• Direction of primary force, direction of secondary force
• Face on which force acts, direction of force



Learning objective:
• Determine the strains in all three directions when an 

object is subjected to stresses in multiple directions.

























Shuttle Reentry

Etile 680 MPa

EAl 70 GPa

αtile 1.66x10-6

αAl 20.3x10-6

𝜐tile 0.1

𝜐Al 0.35

20 C

20 C

1250 C

20 C

Reinforced Carbon-Carbon 
HRSI
LRSI 
FRSI
Metal or Glass

During re-entry, the space shuttle locally experiences temperatures up to 
1500 C. The heat-protection tiles on the surface of the shuttle are 
designed to have a small thermal expansion coefficient, but gaps are still 
left between tiles to allow thermal expansion.

a) At 20 C, the tiles have a thickness of 50 mm and widths of 150 mm. 
During reentry (heat from 20 C to 1250 C), what spacing between 
tiles is needed to prevent the tiles from coming into contact? The 
temperature of the aluminum remains at 20 C during reentry.

b) If the shuttle overheats and the temperature increases to 1350 , what 
magnitude of stresses will develop in the tiles?




