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Daylighting Optimization Study 
Rock Creek High School Commons Skylight Optimization 

BORA Architects: 

Heather McGinn, Jacob Peel, Nick McFadden 

Portland State 
UNIVERSITY 

PSU M.Arch Students: 

Razieh Hosseini Nezhad and Ashley McDaniel-Harpster 

PSU School of Architecture Advisors: 

Nicholas Papaefthimiou, Rosemary Hill 

Project Overview: 

Rock Creek High School 

Location: 14897 SE Parklane Dr., Happy Valley, OR. 

Year of Completion: 20 l 0 

Square Footage: 123,000 square feet 

Occupancy: 860 

ABSTRACT 
The aim of this study is to optimize the shape of the skylights in order to enha nce 

daylighting. Rhino, Diva, Grasshopper, and Galapagos ore the softwares utilized to 

test differing shapes on top and bottom of the shaft of the skylight, and the findings 

show preference to those with beneficial impacts on Spatial daylighting autonomy 

(sDA) of greater than 55% and Annual Solar Exposure (ASE) of less than l 0%. 

Selecting metrics within the above parameters result in optimal skylight geometry 

with highest daylighting output. The initia l purpose of the experiment was to optimize 

the design of the skylight shaft with the goal of provid ing the best distribution of 

daylight while minimizing potential for glare; however, it appears that this shaping 

may hove negligible effects on how the skylight performs as long as the sDA is 

greater than 55% 
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The algorithm tests differing shapes on top of the shaft of the skylight. and 

shows preference to those w ith beneficial impacts on sDA and ASE. 

Bollom Opening 
Th e algorithm tests differing shapes on bottom of t he shaft of the skylight, 

and shows preference to those with beneficial impacts on sDA and ASE. 

Daylight Autonomy (sDA3oo;s0%) 

A percentage of regu larly occupied floor area that receives 300 lux or 

greater from the sun 50% of the time between 8 am and 6 pm. 

• LEED v4 sets min im um sDA at 55% 

• Objective: maximize sDA 

Annual Solar Exposure (ASE) 
A percentage of regularly occupied f loor area that receives 1000 lux or 

greater from the sun 250 hours or more annually. 

• LEED v4 sets maximum ASE at I 0% 

• Objective: minimize ASE 

Skylight Iterations 

Horizontal Skylight 

Daylight Autonomy[DAS37lux[50%]J: 85% 

< o -~,o 
5ummf>r ~olstice 

June 21 
Winter 5o!st'ce 
Ccccmbcr2 1 

#1 RESULTS 

Sh,ulotion CoJnt 

Si"llull tion Co.mt 

,------► 81% 

' ,,.--j. 

' ' 

\imu1cmon Coum 

,------► 30% 
' ' -~-' 

Simulation CoJnt 

Existing Commons 

{Without Skylight) 

#1 Iteration 

sDA: 59.7% 
% area > 300 lux 

target: > 55% 

sDA: 98.4% 
% area > 300 lux 

target: > 55% 

100~1 1,l'.OllPo 1oos;1,ro3ll'o 

ASE: 52.6% 
% Area > l 000 lux ,,,,.eoo=o,,~•ooo,o . 

"""""""""'""""'~ 
""""" .. •~••••<>• 

ASE: 82.8% 
% Area> 1000 lux 

. . . . . . . . . ..... 

,.,00••• .. ••• .. ••"1 
• • .. • 0 ........ ,. •• 

157 125 

Timeline 

Development Skill Building Research 

r------► Methodology Timeline 

M""" lin u wilr, RORA Software Acc,v·si tion Soft,,va"e Tutoria l Material S1vCies 

Week l 

1/12/18 
• Mel wilh eoro 

- Projec t gcols fc,­

ti"e term 

1 Week 2 Week 3 Week 4 
I 

1/15,118 1/22/18 1/29/18 
HdiCov · Mat w,1h Boro · Met w·lh Bora 

- Sen I ovr objecii ·,-J Droll · Grmsi",oppar intro - Propoied difierent ;~yight 

via Email 1/ 26/18 
· Mot w.th Boro 
· Grossl",oppcr 

tu ' or iol 

types for the Commons 

' 
' 

. . . . . . . . . . . . . . . 
83 42 

Skylight Proposal and Simulation 

------------------------

- Eluild Rhino Skylight Models 

- Direct Sun fapoillre Sec ilon 

- ,DA .'\imululion 

Week5 

2,/5/18 

· Mat w ith Bo·a 

· Pro;onteC 3 d if iorcnl skylight 

mo:Jcb in Rhino 

· !he direc t ,un c xpos·.Jrc ond iD/\ iiml.Ao 

tions 

Sirnula ticn Resul ts Comparison 

Ba:ed C·n sDA and ASE 

Week 6 

2/12/18 

· Mat w ih Boro 

· Proscnbd ,cct:ons d lhc prc:ipo,cd 

skv0g hl,, ind.Jding lhc d :rocl ,un c,xposuro 

2/ 13/18 

Met wih Nic hol as Gnd Ro5crrory 

· limelirie e nd literature reviey,· 

L _______________________ : 

------► Collaboration Timeline 
I _______________________ _ 

L ______________________ _ 

BAm 

12pm 

4pm 

Summer Solstice 
June 21 

#2 RESULTS 

Sirruloticn :::ount 

Si1n1lnticn C:mmt 

Sirrulatkon Count 

#2 Iteration 

sDA: 98.2% 
% area > 300 lux 

target: > 55% 

ASE: 81.2% 
% Area> 1000 lux 

Fall Equinox 
March 20 

#3 RESULTS 

SirrulolK:n :::ount 

Sirrukllicn C:ount 

~lmu1or.-:n Counr 

Sirrulaticn Count 

100836,!0HJ7o 

' .... ' ' . ' ... . 
~ . ' .......... . 
. . . . . . . ..... 

Winter Solstice 
December 21 

Data Collection and Analysis Presentation e 

• Gr::tsshopper and Galapagos 

Data Collection 

- Iterat ive Sirrulation 

Week 7 

2/1~/18 

· Met wit h Bora 

· Prornnto:J Grcz'1cppc, a nd 

Ga lopago, 1in•Jla ·ions a1ci :Jolo 

2,123110 

· Mel w it h noro 

- F're senk:j CSV fil e,, <;,f tlw doto 

· ,",µµ~ i••·J ll1 te st.vfiJhl lo l l1t: oLIJul >i,JUCte 

L ______________________ _ 

,----------

• Fina l ~eport 

- Poster 

Comparativ e fanal•;s is Craft Pester Cue - Ti mel ine Due 

Week 8 

2/26/18 

- Mel with Bera 

- Proscntcd 5 >kylig hts 

ilcrolicns 

Week 9 Week l 0 

3/5/18 3/13/18 

· Met with Bora · Mel with ~lie hel m 

· Pc:islor ro •,:c w a1d Ro,emory 

· Re:eorch p ope, 

end p o;kr rev iew 

Vertical Skylight 

Daylight Aulonomy(DA537Iu;,:[50%]): 01% 

00 
Summar So!st:ce 

June 21 
Wintar Solstice 
December2 " 

• 

#4 RESULTS #5 RESULTS 

Si17ualioncour1 Simula tion Counl 

r------► 0. 7 X 4. 22 

' ~ I -~· 
: -1 

Si"m, nlionCco.Jr,1 

\irnu '.a1ion Counl 

#3 Iteration 

sDA: 98.4% 
% area > 300 lux 

target: > 55% 

ASE: 81.2% 
% Area > l 000 lux 

Sirrn,kl tion Crnxil 

Slmu1onon Cmm1 

Simulation Counl 

1oos11,,0;31,o 

. ........... . 
............... 

Conclusion 

BAm 

12 pm 

4pm 

Summer Solstice 
June 21 

Fall Equinox 
March 20 

#6 RESULTS 

i (~ 
,. '""~"~""""""''""""""'"'''""'"'"'"""'"' 

~imuk1fon Count 

,<imulc1tion C,ounl 

S1mu1m1on Cou~r 

0imut:ition Count 

#4 Iteration 

sDA: 99% 
% area > 300 lux 

target: > 55% 

ASE: 91.7% 
% Area> 1000 lux 

100 93 67 !O ll 17 o 

. . . . . . . . . . . . . . . . . . . . . . . . . . ' . . ....... ' .... . 

. . . . . ....... ... 

Winter Solstice 
December 21 

#7 RESULTS 

s:mulo- ion 0,11111 

SlrniJIOll,:,r, Co\ml 

SiITT.Jlotion Counl 

Sawtooth Skylight 

Daylight Autonomy1DA5371v~[50%]): 42% 

Svmme; Solstice 
Jvne 2i 

Winter Sol;•ice 
December 21 

#5 Iteration 

sDA: 100% 
% area > 300 lux 

target: > 55% 

ASE: 89.6% 
% Area > 1000 lux 

#8 RESULTS 

Simul□licn C:ount 

Simulnlicn Count 

.' lmu1a11e1n Count 

0imula!ion Count 

■ma■■ ••••• ••••• lllill ••••••• 
~--··········· ••••••••••••• •••••••••••••• •••••••••••••• 

1009l67!iOllPo 

.. . . . . . . . . " .... 

. . . ...... ' ... . 
• • • • •••••••••• ,t 

• < • • ••••• ' ~ • 0 • ~ . . . . . . . . . . ..... 

• 

The results of the study confirmed the use of these various programs helped in making informed design decisions. In this 

study, Rhino is used as the primary modeling environment, Diva simulates and analyses the daylighting and Grasshopper is 

uti lized to edit an algorithm that automates geometric parameters and simulation inputs according to preferable analysis 

results. Galapagos produced a multitude of configurations for skylight design and daylighting options. Applying these pa­

rameters to the design narrows the scope of options, and provide the user direction, viability and possibility. The resu lts from 

the research and simu lations aid in the process of creating vo lu metric design and an engaging daylighting typology that 

is aesthetically appeal ing. The softwares enable the room to easily attain an adequate sDA value, but made it difficult to 

achieve an acceptable ASE value since the ASE values would have been higher than l 0%. The initia l purpose of the experi­

ment was to optimize the design of the skylight shaft with the goa l of providing the best distribution of daylight while minimiz­

ing potential for glare; however, it appears that this shaping may have negligible effects on how the skylight performs as 

long as sDA is greater than 55%. 

the percentage of ASE. 

Based on the findings, it was concluded to use other means such a frilled glass to reduce 
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