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The city of South Haven wants to provide more shade at the South Haven Community Park to make extreme heat

resilience accessible to everyone (not just to people who can afford air conditioning) and to reduce strain on the power
grid. More shade supports residents’ mental, physical, and social health.

“Shade can lower the felt temperature by several degrees, and shaded surfaces like benches and
playgrounds can be much cooler than those in direct sun,” Dr. Alieem Carvajal told students at the
South Haven Middle School (SHMS) assembly. “That means fewer medical emergencies during extreme
heat. Shade in parks should work together with cooling centers, misting stations or splash pads, cool
pavement, light-colored surfaces, and shaded transit stops to increase community resilience.”

Shade may come from natural sources, like trees, or from built structures, like open-sided shelters with a roof. Trees
provide shade plus cleaner air, reduced stormwater runoff, and habitats for wildlife. Shade shelters like pavilions, pergolas,
and cabanas add shade where trees can’t grow or where shade is needed immediately, since it can take years for a tree to
grow. Together, these shade features become long-lasting infrastructure that can help South Haven cope with more
frequent and severe heat waves.

Solve the Problem

The South Haven Parks & Recreation Department is planning to improve shade at the South Haven Community Park and
has asked SHMS students Naomi and Kip to help through their afterschool club. The mid-sized urban park (653,400
square feet) includes walking trails, wooded areas, a skate park, two playgrounds, a baseball field, a splash pad, and
pickleball courts. The park’s shade options already include a large 46-by-72-foot covered rectangular open-air pavilion
with picnic tables between the playgrounds. Additionally, six 11-by-15-foot rectangular patio umbrellas on tilting vertical
stands were added last year for shade near the splash pad.

“The Parks & Rec Department has a goal that 60% of the park has shade from trees and structures,” Naomi
said. “Currently, the city arborist estimates the park has 30% natural tree canopy coverage.”

The amount of shade cast by a tree or shade structure will naturally vary throughout any given day based on
the the angle of the sun and the season. Thus, the city computes shade of a structure based on its ‘footprint’
by computing the shade area using the outer perimeter dimensions of a structure’s roof.

Parks and Recreation Director Mrs. Stewart shared that the Parks & Rec Department is planning to
design small shade structures that maximize shade area using the available lumber stockpile that the
Parks & Rec Department already has. They wish to add as many of these simple, identical, open-air
shade structures as possible that can be built from their stockpile. The stockpile has seventy-five 12-
foot beams with 4-inch x 4-inch thickness. For structural integrity, all of the beams used should be a
single piece of wood (not two smaller pieces put together). However, they are able to cut pieces down
to whatever length is needed. The Parks & Rec Department will purchase the canvas shade panels to
stretch over the roofs for actual shade coverage later.

“We are making a very simple design for the rectangular shade structures with 4 vertical posts (that should be at least 8
feet tall) and a rectangular roof frame formed by horizontal beams with simple joining to form the corners (as shown
below) with no trimming the beams at an angle before joining. The individual pieces of wood that form the rectangular
roof frame should have a 3:2 ratio of length beam to width beam (but the constructed rectangular roof frame does not
have to adhere to this ratio once accounting for beam thickness),” said Kip. “The dimensions of the roof frame should give
maximum square footage footprint possible (based on the exterior dimensions of the frame).”

“The goal is to maximize the square footage of each individual shade structure and then build as many
*5 4"» of those shade structures as possible from this lumber stockpile that meets the design constraints,”
7 Naomi said. “These shade structures are small and versatile and collectively the total shade added by
Aﬁ’g\ these structures will help the park reach its shade goal and improve resilience to extreme heat.”

Question: After adding the maximum number of identical shade structures possible built from the lumber stockpile that
are then covered by the Parks & Rec Department, how much of the park (in square feet) still needs shade coverage to
meet the South Haven goal of 60% shade coverage? Round each step to the nearest hundredth, and round the final answer to
the nearest whole number. If total shade area achieved exceeds the 60% goal, indicate the excess as a negative number (e.g., -534
square feet). Note that these illustrations are not drawn to scale.
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Although each problem has one correct numeric solution, there are
multiple pathways students can take to arrive at the answer.

Sample Solution

Solution blueprint: My solution to find how much of the park (in square feet) still needs shade coverage to
meet the South Haven goal of 60% shade coverage requires me to:
1.Find what 60% of the park’s total area is in order to determine the amount of space that should be shaded
for the Parks & Rec shade goal.
2.ldentify how much shade there currently is in square footage from the trees, pavilion, and shade
umbrellas.
3.Determine how much lumber is needed for each shade structure and the maximum area for each shade
structure that meets the design constraints.
4.Compute how many shade structures can be made with the lumber available and the the total area for all
shade structures.
5.Check that the solution is actually the optimal area.
6.Calculate the total shade area in the park including the all shade structures.
7.Determine the difference in square footage of the park that is still unshaded to meet the city’s goal.

Step 1: Find what 60% of the park’s area is for the Parks & Rec shade goal. The park is 653,400 square feet.
60% of this can be found by multiplying the square footage by 60%.

The Parks & Rec Department’s goal is for 392,040

60
653,400 square feet x 100 = 392,040 square feet square feet of the park to have shade coverage.

Step 2: Identify how much shade there currently is in square footage from the trees, pavilion, and shade
umbrellas. To find the square footage of current shade, | can compute the 30% of the park that has natural
shade from trees and then compute the shade from structures (the large 46-by-72-foot open-air rectangular
pavilion and six 11-by-15-foot patio umbrellas).

(o)
3C_M’ of the park 653,400 square feet x ﬂ = 196,020 square feet covered by trees
with tree coverage: 100
Find the area of the 46-by-72-foot open-air 46 x 72 = 3,312 square feet of
rectangular pavilion by multiplying length by width: shade from the pavilion
Find the area of each 11 x 15-foot patio umbrellas 11 x 15 = 165 square feet per umbrella
Find the total area for the six umbrellas: 6 x 165 = 990 square feet for all six umbrellas

The total current shaded area in the park can be found by adding the individual parts:
196,020 + 3,312 + 990 = 200,322 square feet currently shaded in the park
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(...sample solution continued...)

Step 3: Determine what lumber is needed for each shade structure and the maximum area for each shade
structure that meets the design constraints. | know from the problem statement that there are 75 4-inch x 4-
inch x 12-foot beams of wood available in the Parks and Rec department’s lumber stockpile.

I need four 4-inch x 4-inch x 12-foot beams for each shade structure. The shade structure is supposed to be
at least 8 feet tall and so four 12-foot beams must be used for the vertical posts.

| now need to formulate the dimensions for the roof frame. The piece of wood used for the length beam and
width beam must have a 3:2 ratio maintained. Since | want to maximize area, | will choose the longer beam
(12-foot) to test the design’s area. If | choose to use the 12-foot beam as the length, the 3:2 ratio means that
the width beam would have to be 8 feet long. Since there aren't any 8-foot beams, | would have to cut two
12-foot beams down to 8 feet. | then have to decide which way to orient the beams to form the roof frame,
accounting for the 4-inch width, using the exterior dimensions as outlined in the problem statement.

12 foot
I
Width: 8 foot + 4 inches + 4 inches = 8 % foot
°
L >‘ Area: 12 ft x 8 % ft = 104 square feet using the exact fraction
@© 12 ft x 8.67 ft = 104.04 square feet if using the decimal
) expansion and rounding
12 foot
Area: 12 % ft x 8 ft = 101 % square feet
2 (or 101.33 square feet if rounding)
o
o0}
\ J
Y

Length: 12 foot + 4 inches + 4 inches = 12 % foot

Choosing the design dimensions whose exterior measurements give the maximum area means that | will use
the 12 ft x 8 % ft orientation for 104.04 square feet of roof frame area for a shade structure. This design uses
eight 4-inch x 4-inch x12-feet beams for each shade structure.

A Program of The Actuarial Foundation

f

{ : The Hardest Math Problem
LN\ Student Contest



2025-26 | CHALLENGE 2 ANSWER SHEET

Try Your
THE'HARDEST MATH PROBLEM
CHALLENGE 2 ANSWER KEY - GRADE 6

(...sample solution continued...)

Step 4: Compute how many shade structures can be made with the lumber available and the the total area
for all shade structures. With 8 4-inch x 4-inch x12-foot beams used for each shade structure and 75
available, | can find how many shade structures can be built by dividing 75 by 8 to see the whole number of
shade structures: 75/8 = 9.375. Only 9 whole shade structures can be built with this design (8 x 9 = 72 beames,
which is below the 75 available).

9 shade structures built with the 12 ft x 8 % ft dimensions = 104 square feet (104.04 if using the
decimal expansion and rounding) gives a total of:

9 x 104 = 936 square feet of shade from the 9 shade structures if the exact fraction is used
Note: If the decimal expansion is used, 9 x 104.04 = 936.36 square feet of shade. We will use the
decimal approach for the remainder of the key.

Step 5: Check that the solution is actually the optimal area. Before advancing, | want to ensure that this is the
optimal solution. | could not use the 12-foot beam for the width since the 3:2 ratio would mean that the
length would have to be 18 feet and | don’t have a single beam that is 18 feet long.

Step 6: Calculate the total shade area in the park including the shade structures. The total current shaded
area in the park can be found by summing the individual parts (from Step 2):

200,322 square feet (the trees, pavilion, and umbrellas) + 936.36 square feet (9 shade structures)
= 201,258.36 square feet of shade in the park total with the shade structures

Step 7: Determine the difference in square footage of the park that is still unshaded to meet the city’s goal.
In the previous step | found that with the shade structures, there are 201,258.36 square feet of shade in the
park total with the shade structures. In Step 1, we found that the Parks & Rec Department’s goal is for
392,040 square feet of the park to have shade coverage.

392,040 - 201,258.36 = 190,781.64 rounding to 190,782 square feet

Final Answer: There are still 190,782 square feet remaining at the park that need shade to meet the
60% coverage goal.
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