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Abstract!
 

/"01+$2,+03&4#2&25+14+03&1620*,+"&+0&78/&+0$(14,9:&;#2,2&6<+2041&"=420&124&*&=*+,<9&
<";&)($324&=",&$21+30&14*32:&*0&+06">?<242&$21+30&?<*00+03&*0$&*11211>204&6*0&
6*(12& 254,*& 6"14& *0$& 4+>2& +0& 6#*03+03& 4#2& $21+30& +0& 4#2& 6"014,(64+"0& 14*32& ",&
$(,+03& 4#2&"66(?*069&"@2,& 4#2& <+=24+>2&"=& 4#2&)(+<$+03%& A4&#*1&)220&14($+2$&4#*4&
>"14& "=& 4#2& $26+1+"01&;#+6#& +>?*64& A8B&>*0*32>204& "=& 4#2& )(+<$+03& *,2& $"02&
*=42,&4#2&+0+4+*<&$21+30&?#*12&;#+6#&#+0$2,1&4#2+,&(12=(<0211&*0$&1(+4*)+<+49&4"&4#2&
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?(,?"12&"=&4#2&,212*,6#&;*1&4"&(12&EA!&4"&=*6+<+4*42&1(14*+0*)+<+49&+0&4#2&$21+30&
*0$& 2@204(*<<9:& <+=2696<2& "=& 4#2& )(+<$+03%& D"& >2*1(,2& A0$"",& 80@+,"0>204*<&
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?"4204+*<&(12&"=&EA!&?<*4=",>1& +0& 4#2& =(4(,2%&D#2&"(46">2&"=& 4#+1& ,212*,6#&;*1&
4#2& +$204+=+6*4+"0& "=& A0$"",& 80@+,"0>204*<& B(*<+49& ?2,=",>*062&>2*1(,21& 0"4&
6(,,204<9& +06",?",*42$& +0& 4#2& 25+14+03& EA!& >"$2<1%& L(,4#2,& ,26">>20$*4+"01&
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&
&
1.1!BACKGROUND!

E(+<$+03&A0=",>*4+"0&!"$2<+03&^EA!_&+1&$,+@+03&*0&(0?,262$2042$&,2@"<(4+"0&+0&
4#2&7,6#+4264(,2:&803+022,+03&*0$&/"014,(64+"0&^78/_&+0$(14,9%&A4&+0@"<@21&$+3+4*<&
203+022,+03:&>"$2<+03&*0$&1+>(<*4+"0:&1">24+>21&,2=2,,2$&4"&*1&bH+,4(*<&G21+30&
*0$&/"014,(64+"0:c&(12$&4"&?,2$+64&*0$&>*0*32&6"014,(64+"0&?,"C2641%&[";2@2,:&
EA!& +1& >(6#& >",2& 4#*0& *& 1"=4;*,2& ?*6K*32& ",& *& $+3+4*<& >"$2<%& A4& +1& *& 02;&
>24#"$"<"39& *0$& ?,"6211& "=& $*4*& >*0*32>204:& +0=",>*4+"0& $+14,+)(4+"0:& ,+1K&
>+4+3*4+"0&*0$&?,"C264&$2<+@2,9&^d*6"6K1&OJJW_%&7<"031+$2&4#+1&4,*01=",>*4+"0&*,2&
"4#2,&4,20$1&+0&4#2&78/&+0$(14,9%&/"014,(64+"0&?,"C2641&*,2&+06,2*1+03<9&6">?<25:&
";02,&25?264*4+"01&*,2&+06,2*1+03:&*0$&20@+,"0>204*<&6"016+"(10211&+1&$21+,2$%&
-?26+=+6*<<9:& 4#2& 3,220& )(+<$+03& ",& 1(14*+0*)+<+49& >"@2>204& +1& ,*?+$<9& 3*+0+03&
>">204(>&^d*6"6K1&OJJW_%&&

D#2& +>?",4*062&"=& 4#2& 4#+1&,212*,6#& +1& 4#*4&6"01+$2,+03& 4#2&25+14+03&1620*,+"& +0&
78/& +0$(14,9:& ;#2,2& 6<+2041& "=420& 124& *& =*+,<9& <";& )($324& =",& $21+30& 14*32:& *0&
+06">?<242& $21+30& ?<*00+03& *0$& *11211>204& 6*0& 6*(12& 254,*& 6"14& *0$& 4+>2& +0&
6#*03+03&4#2&$21+30&+0&4#2&6"014,(64+"0&14*32&",&$(,+03&4#2&"66(?*069&"@2,&4#2&
<+=24+>2&"=& 4#2&)(+<$+03%&D#2&6,(6+*<&?*,4& +1& 4#*4& 4#2&?,"?"12$&>*42,+*<1&*,2&0"4&
0",>*<<9&*0*<9e2$&4#","(3#<9&*0$&4#+1&6*0&6*(12&*&12,+"(1&20@+,"0>204*<&+>?*64&
=",&4#2&0254&XJ&92*,1&",&<"032,%&

-+>+<*,&,212*,6#&#*1&)220&$"02&+0&4#2&?*14&+0&;#+6#&*442>?41&#*@2&)220&>*$2&4"&
6">)+02& EA!& 4"& -(14*+0*)+<+49%& f9<2& d*6"6K1& ^OJJW_& +0& #+1& ,212*,6#& 4+4<2$:&
bF2@2,*3+03& EA!& =",& -(14*+0*)+<+49c:& (12$& F88G& 6,2$+41& *1& *& >2*1(,2>204& "=&
1(14*+0*)+<+49&*0$&4,*6K2$&4#2&6,+42,+*&;#+6#&;2,2&6">?*4+)<2&;+4#&1?26+=+2$&EA!&
4""<1%&R02&>*C",&;2*K0211& +0&f9<2g1& ,212*,6#&;*1& 4#*4& 4#2& *0*<91+1&;*1&*&#+3#&
<2@2<&"@2,@+2;&"=&F2*$2,1#+?&+0&802,39&Q&80@+,"0>204*<&G21+30&^F88G_&6,+42,+*&
)*12$& "0& <+42,*4(,2& ,2@+2;& *0$& ,21(<4+03& $"6(>204*4+"0%& !9& ,212*,6#& 6*,,+21&
=",;*,$&f9<2g1&+0@214+3*4+"0&)9&="6(1+03&"0&A0$"",&80@+,"0>204*<&B(*<+49&^A8B_&
*1& *& ?*,*>242,& *0$& 25?<",+03& 4#2& (4+<+49& "=& EA!& 4""<1& 4"& 1*4+1=9& 4#2& A8B&
>*0*32>204&"=& 4#2&)(+<$+03%&7&$24*+<2$&*0*<91+1&"=& 4;"&"=& 4#2&A8B&?2,=",>*062&
6,+42,+*&#*1&*<1"&)220&(0$2,4*K20& +0&",$2,&4"&)2442,&(0$2,14*0$&4#2&6*?*6+49&"=&

CHAPTER!1:!INTRODUCTION
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EA!& 4""<1%& D#2& $24*+<2$& *0*<91+1& $"02& +0& 4#2& 14($9& *<1"& ,21(<41& +0& 1244+03& *&
=,*>2;",K& =",& =(4(,2& ,212*,6#& "0& 1+>+<*,& <+021& ;#+6#& ;"(<$& =(,4#2,& 25?<",2&
"4#2,&6,2$+41&+0&4#2&=+2<$&"=&A0$"",&80@+,"0>204*<&B(*<+49%&

D#2&+>?",4*062&"=&*0*<9e+03&A8B&?2,=",>*062&+0&*&)(+<$+03&#*1&3,";0:&)(4& +4& +1&
14+<<&"=420&$"02&(1+03&1+>?<2&14*4+6&6*<6(<*4+"01&",&214+>*421&^F*+02&24&*<%&OJJS_%&
766(,*42& A8B& 1+>(<*4+"0& 1"=4;*,2& #*1& )220& *@*+<*)<2& *<,2*$9& =",& $26*$21:& )(4&
4#212&4""<1&*,2&14+<<&0"4&;+$2<9&(12$&)9&4#2&14*K2#"<$2,1&+0&)(+<$+03&?,"C2641%&D#2&
>*+0& )*,,+2,& "=& ;+$2,& (1*32& "=& $+3+4*<& A8B& *0*<91+1& >24#"$1& #*1& )220& 4#2&
,2.(+,2$& )+3& >*0(*<& +0?(4& ;",K%& E9& (4+<+e+03& EA!& *1& *& $*4*& 1"(,62& =",& A8B&
*0*<91+1:& 4#2& $*4*& +0?(4& ;+<<& )2& >",2& 2==+6+204& *0$& 4#2& 25+14+03& $*4*& >",2&
,2(1*)<2%&EA!&=*6+<+4*421&2*1+2,&@2,+=+6*4+"0&"=&+41&?2,=",>*062&+0&$+==2,204&?#*121&
"=&4#2&)(+<$+03&?,"6211&^F*+02&24&*<%&OJJS_%&

R@2,& 4#2& ?*14& OJ& 92*,1:& ,212*,6#& *0$& 25?2,+2062& #*@2& +>?,"@2$& "(,&
(0$2,14*0$+03&"=&;#*4&+1&+0@"<@2$&+0&*44*+0+03&#+3#&+0$"",&20@+,"0>204*<&.(*<+49&
*0$& ,2@2*<2$&>*0(=*64(,+03& *0$& 6"014,(64+"0&?,*64+621& 4#*4& 6*0&?,2@204&>*09&
+0$"",&20@+,"0>204*<&.(*<+49&?,")<2>1%&D#2&(12&"=&)2442,&?,"$(641&*0$&?,*64+621&
#*1& ,2$(62$& ?"4204+*<& <+*)+<+49& =",& $21+30& 42*>&>2>)2,1& *0$& )(+<$+03& ";02,1:&
+06,2*12$& >*,K24& @*<(2& =",& )(+<$+031& ;+4#& 252>?<*,9& +0$"",& 20@+,"0>204*<&
.(*<+49:& *0$& )""142$& 4#2& ?,"$(64+@+49& "=& )(+<$+03& "66(?*041%& A0& *& 6*12& 14($9&
+06<($2$& +0& 4#2&NWWV&?()<+6*4+"0:& ba,220+03& 4#2&E(+<$+03&*0$& 4#2&E"44">&F+02:c&
4#2& T"6K9& !"(04*+0& A014+4(42& #+3#<+3#41& #";& +>?,"@2$& +0$"",& 20@+,"0>204*<&
.(*<+49& +06,2*12$&;",K2,& ?,"$(64+@+49& )9& NXh:& 0244+03& *& ,*?+$& ?*9)*6K& "0& 4#2&
6*?+4*<&+0@214>204&^T"6K9&!"(04*+0&A014+4(42&NWWV_%&

T26204&*6#+2@2>2041& +0&E(+<$+03& A0=",>*4+"0&!"$2<+03& ^EA!_& 426#0"<"3+21&*0$&
+042,"?2,*)<2& 1"=4;*,2& 4""<1& #*@2& >*$2& EA!\)*12$& ?2,=",>*062& *0*<91+1&
?"11+)<2& =",& 25?<"+4*4+"0& +0& *<<& )(+<$+03& ?,"621121:& 21?26+*<<9& $(,+03& 4#2& $21+30&
?#*12%& &D#2& 19142>*4+6&(12&"=& *0*<91+1&*0$&*(4">*42$&?2,=",>*062&>"0+4",+03&
=",&?2,=",>*062&2@*<(*4+"0&4#,"(3#"(4&4#2&)(+<$+03&<+=2&696<2:&=,">&2*,<9&$21+30&
4#,"(3#& 6"014,(64+"0:& 6">>+11+"0+03:& *0$& "?2,*4+"01& *0$& >*+0420*062:& #*1&
1+30+=+6*04&?"4204+*<&4"&+>?,"@2&4#2&20$&(12&?2,=",>*062&"=&)(+<$+031%&
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D#2&+>?",4*062&"=&*0*<9e+03&+0$"",&6">=",4&?2,=",>*062&+0&)(+<$+03&$21+30&#*1&
)220&,26"30+e2$& +0& 4#2& ,26204&?*14:&)26*(12&"=& 4#2& +06,2*1+03&*;*,20211&"=& 4#2&
,"<2&"=&802,39&(1*32&+0&)(+<$+03&<+=2&696<2&6"141&*0$&20@+,"0>204*<&+>?*641&*0$&
4#2&,"<2&"=&+0$"",&6"0$+4+"01&+0&4#2&?2,1"002<g1&?,"$(64+@+49&^F*+02&24&*<%&OJJS_%&
[";2@2,:&4#2&,2<2@*04&EA!&4""<1&*,2&14+<<&>"14<9&(12$&)9&,212*,6#2,1:&0"4&;+$2<9&
)9&?,*64+4+"02,1&+0&)(+<$+03&?,"C2641%&D#2&>*+0&)*,,+2,&"=&;+$2,&(1*32&"=&$90*>+6&
A8B&*0*<91+1&>24#"$1&#*1&)220& 4#2& ,2.(+,2$&)+3&>*0(*<& +0?(4&;",K& ^F"#&24& *<%&
OJJS_%&

R4#2,&)*,,+2,1&=",&;+$2,&(4+<+e*4+"0&"=&EA!1&+0&A8B&*0*<91+1&#*@2&)220&4#2&>+11+03&
+042,"?2,*)<2& $*4*& +042,=*62& +>?<2>204*4+"01& +0& 4#2& 1+>(<*4+"0& 4""<1& *0$& 4#2&
<*6K+03& 3(+$2<+021%& D#2& A0$(14,9& L"(0$*4+"0& /<*1121& ^AL/_& ?,"@+$21& 4"$*9& *0&
"?20&14*0$*,$&=",&$216,+?4+"0&*0$&256#*032&"=&+0=",>*4+"0&;+4#+0&4#2&<+=2&696<2&
"=&*&6"014,(642$&=*6+<+49%&D"&(12&EA!&2==264+@2<9&#";2@2,:&*0$& =",&4#2&)202=+41&"=&
+41& (12& 4"& )2& ,2<2*12$:& 4#2& .(*<+49& "=& 6">>(0+6*4+"0& )24;220& 4#2& $+==2,204&
?*,4+6+?*041&+0&4#2&6"014,(64+"0&?,"6211&022$1&4"&)2&+>?,"@2$&^F"#&24&*<%&OJJS_%&

E9& (1+03& EA!& +4& +1& 2*1+2,& 4"& @2,+=9& 4#2& ?2,=",>*062& "=& 4#2& )(+<$+03& 4,(<9& +0&
$+==2,204&?#*121&"=&4#2&)(+<$+03&?,"6211%&D#2&25?2,+20621&=,">&>*09&EA!&)*12$&
?,"C2641& 1#";& 4#*4& +042,"?2,*)<2& *0*<91+1& 1"=4;*,2& +1& 0"4& 20"(3#& =",& 4#2&
>*0*32>204&"=&A8B&?2,=",>*062&$(,+03&4#2&)(+<$+03&?,"6211:&)(4&+4&,2.(+,21&*<1"&
4""<1&4"&>*0*32&$+==2,204&,2@+1+"01&"=&EA!1:&4"&6">?*,2&4#2&?2,=",>*062&"=&4#212&
,2@+1+"01&*0$&4"&@+1(*<+e2&4#+1&)9&2*19\4"\(0$2,14*0$&;*9&^E2,0142+0&OJJS_%&
D#2,2=",2:& 4#2&?(,?"12&"=& 4#+1&?*?2,& +1& 4"& +$204+=9& 4#2& A8B&?2,=",>*062&6,+42,+*&
0"4&+06",?",*42$&+0&4#2&6(,,204&EA!&4""<1&*0$&4#20&(0$2,3"&*&022$1&*11211>204&
14($9& "=& EA!& 4""<1& +0& ",$2,& 4"& *0*<9e2& A0$"",& 80@+,"0>204*<& B(*<+49&
!*0*32>204%&

1.2!PROBLEM!STATEMENT!&!OBJECTIVES!

D#2& ")C264+@2& "=& 4#2& ,212*,6#& ;*1& 4"& +$204+=9& EA!& 4""<1g& 6*?*)+<+49& 4"& *0*<9e2&
A0$"",& 80@+,"0>204*<& B(*<+49& 14,*423+21%& A4& #*1& )220& 14($+2$& 4#*4& >"14& "=& 4#2&
$26+1+"01&;#+6#&+>?*64&A8B&>*0*32>204&"=&4#2&)(+<$+03&*,2&$"02&*=42,&4#2&+0+4+*<&
$21+30& ?#*12& ;#+6#& #+0$2,1& 4#2+,& (12=(<0211& *0$& 1(+4*)+<+49& 4"& 4#2& ?,"C264%&
D#,"(3#& <+42,*4(,2& ,2@+2;& *0$& *& $24*+<2$& 14($9:& 4#2& *(4#",& #*1& ?,"@+$2$& 3*?&
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*0*<91+1& +0&4#2&6(,,204&6*?*)+<+4+21&"=&EA!&4""<1&$(,+03&4#2&$21+30&?#*12:&;#+6#&
;"(<$& ,21(<4& +0& =(,4#2,& ,212*,6#& +0& 4#2& *,2*:& (<4+>*42<9& 20#*06+03& 4#2& A8B&
>*0*32>204&"=&4#2&)(+<$+03%&

&
L+3%&N`&T212*,6#&a*?1&+0&4#2&78/&A0$(14,9&

D#2&*(4#",&#"?21& 4#*4& *=42,& 4#2&6"06<(1+"0&"=& 4#+1& ,212*,6#:& =(4(,2& ,212*,6#2,1&
;+<<& )2& *)<2& 4"&(12&EA!& 4"& =*6+<+4*42& 1(14*+0*)+<+49& +0& 4#2&$21+30& *0$&(<4+>*42<9:&
<+=2696<2& "=& 4#2& )(+<$+03%& D"& >2*1(,2& A0$"",& 80@+,"0>204*<& B(*<+49:& F88G&
H2,1+"0& I%J& 6#26K<+14& ;*1& (12$%& D#2& ,2*1"0& =",& (1+03& F88G& H2,1+"0& I%J& *1& *0&
*11211>204& 4""<& +1& )26*(12& +4& +1& *& ;+$2<9& *662?42$& *0$& =2$2,*<<9& >*0$*42$&
>2*1(,2>204& 4""<& =",& 1(14*+0*)+<+49& *0$& +0& 4(,0:& A8B& ^d*6"6K1& OJJW_%& L+3(,2& N&
*)"@2&,2=<2641&4#2&3*?1&+0&4#2&+0$(14,9&*=42,&"@2,<*??+03&4#2&1?#2,21&"=&E(+<$+03&
A0=",>*4+"0&!"$2<+03&*0$&-(14*+0*)+<+49%&

1.3!RESEARCH!QUESTION!!

7=42,&+$204+=9+03&4#2&?,")<2>&*,2*1&*0$&4#2&,212*,6#&3*?1&+0&4#2&+0$(14,9:&+4&;*1&
+>?",4*04&4"&=",>&*&,212*,6#&.(214+"0&=",&4#2&?(,?"12&"=&4#+1&?,"C264&Q&T2?",4%&

T212*,6#&B(214+"01`&
! /*0& 4#2& 1?26+=+2$& A8B& ?2,=",>*062& >2*1(,21:& >2*1(,2$& #2,2& *1& F88G&

6,2$+41:& )2& >"0+4",2$& (1+03& 4#2& 25+14+03& EA!& ?<*4=",>1& +0& *& )(+<$+03&
$21+30i&

! [";&*,2&4#2&?<*4=",>1&3"+03&4"&*66">?<+1#&4#+1&4*1K?!&
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1.4!SCOPE!DEFINITION!

7>"0314& *<<& 4#2& 14*K2#"<$2,1& +0& 4#2& 6"014,(64+"0& +0$(14,9:& 4#2& 16"?2& "=& 4#+1&
,212*,6#&#*1&)220&<+>+42$&4"&4#2&$21+302,1&;#"&*,2&+0@"<@2$&+0&4#2&$21+30&?#*12&
"=&4#2&)(+<$+03g1&<+=2696<2%&D#+1&+1&$"02&4"&0*,,";&$";0&4#2&@*14&<+42,*4(,2&*0$&4#2&
,212*,6#&*<,2*$9&$"02&+0&4#2&=+2<$1&"=&1(14*+0*)+<+49&*0$&EA!%&&

7<1":&*1&$216,+)2$&*)"@2:&A0$"",&80@+,"0>204*<&B(*<+49&#*1&)220&6#"120&4"&<+0K&
;+4#& 4#2& $21+302,1& *0$& 4#2& $21+30& *1?264& "=& E(+<$+03& A0=",>*4+"0&!"$2<+03%& A4&
022$1&4"&)2&>204+"02$&#2,2&4#"(3#:& +1&4#*4&4#2&,212*,6#&*<1"&4*K21&=",;*,$&4#2&
14($9&$"02&)9&*<1"& ="6(1+03&"0& 4#2& 6"014,(64+"0&*0$& 4#2& =*6+<+4+21&>*0*32>204&
?#*121& "=& 4#2& )(+<$+03%& L+3%& I& )2<";& 6#*,41& "(4& 4#2& 16"?2& $2=+0+4+"0& "=& 4#+1&
,212*,6#%&&&

&&
L+3%O`&-6"?2&G2=+0+4+"0&

!

!

!
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1.5!METHODOLOGY!

D#2& ,212*,6#& ")C264+@2& "=& 6",,2<*4+03& 4#2& +$204+=+2$& A0$"",& 80@+,"0>204*<&
B(*<+49&?2,=",>*062&>2*1(,21&4"&4#2&6(,,204&EA!&>"$2<1&*0$&=+0$+03&1"<(4+"01&
4"& 20#*062& 25+14+03& >"$2<1& +1& )214& (0$2,14""$& 4#,"(3#& 4#2& (12& "=& <+42,*4(,2&
,2@+2;:& *0$& *& 1()12.(204& $24*+<2$& *0*<91+1%& D#2& 142?1& "(4<+02$& =",& 1(66211=(<&
6">?<24+"0&"=&4#2&,212*,6#&;2,2`&

! Understand! BIM! technology! and! IEQ! management! through! Literature!
Review!

D#,"(3#&F+42,*4(,2&,2@+2;:&4#2&4;"&>*+0&")C2641&"=&,212*,6#&022$2$&4"&)2&
14($+2$& *0$& *0*<9e2$& +0& ",$2,& 4"& (0$2,14*0$& 4#2& 14,2034#1& *0$&
;2*K021121& "=& )"4#& *0$& ?2,=",>& *& 3*?& *0*<91+1& =",& 4#2& ?(,?"12& "=& 4#+1&
14($9%&

! Develop!a!Hypothesis!after!creating!definitions!of!BIM!and!IEQ!with!respect!
to!the!research!

7=42,& 4#2& <+42,*4(,2& ,2@+2;:& 4#2& ,2<*4+"0& )24;220& A8B& *0$& EA!& ;*1&
+$204+=+2$:& ="<<";+03&;#+6#&*&#9?"4#21+1&;*1&$2@2<"?2$&;#+6#&;"(<$&)2&
42142$&*=42,&*&$24*+<2$&*0*<91+1&"0&4#2&1()C264%&

! Develop!a!matrix!of!what!BIM!tools!apply!to!specific!IEQ!LEED!3.0!credits!

L",&4#2&?(,?"12&"=&4#2&14($9:&+4&;*1&,2.(+,2$&4#*4&*&>*4,+5&)2&6,2*42$&4#*4&
;"(<$&4*)(<*42&4#2&A8B&?2,=",>*062&6,+42,+*&*3*+014&4#2&?,"6211&4#,"(3#&
;#+6#&4#"12&6,+42,+*&;"(<$&)2&2@*<(*42$&"0&*0$&4#2&EA!&4""<1&6*?*)+<+49&4"&
4,*6K&4#"12&6,+42,+*%&D#2&EA!&K0";<2$32&(12$&=",&4#2&?(,?"12&"=&4#+1&14($9&
;*1&4;"\="<$`& =+,14:&;*1&4#2& <+42,*4(,2&3*,02,2$&4#,"(3#&@*,+"(1& C"(,0*<1&
*0$& 6"0=2,2062& ?*?2,1& *0$& 126"0$<9:& 4#2& *(4#",g1& ?,+",& 25?2,+2062& "=&
(1+03&$+==2,204&EA!&4""<1&+0&4#2&=+2<$%&D#2&<+14&"=&1"=4;*,2&*0$&4#2&?,"C2641&
;",K2$& "0& #*1& )220& *44*6#2$& *1& 7??20$+5& 7%& D#2& 6,2*4+"0& "=& >*4,+5&
#2<?2$&4#2&*(4#",&(0$2,14*0$&4#2&$2=+6+206+21&"=&EA!&4""<1&;+4#&,21?264&4"&
4#2&A8B&6,2$+41%&

&

&
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! In"depth!analysis!of!Credits!3.1!&!3.2:!IAQ!Construction!Management!Plans!

D"&>*K2&4#2&,212*,6#&>",2&>2*0+03=(<:&4;"&6,2$+41&=,">&4#2&>*4,+5&;2,2&
6#"120& =",& *&>",2&$24*+<2$&*0*<91+1%&D#2& 4;"& 6,2$+41& 6#"120j&/,2$+4&I%N`&
/"014,(64+"0& A7B&!*0*32>204&P<*0\G(,+03&/"014,(64+"0&*0$&/,2$+4&I%O`&
/"014,(64+"0&A7B&!*0*32>204&P<*0\E2=",2&R66(?*069:&;2,2&25*>+02$&+0&
$24*+<&*<"03&;+4#&4#2+,&,2=2,2062&14*0$*,$1&4"&=+0$&"(4&#";&*0$&;#+6#&EA!&
4""<&6"(<$&)2&(4+<+e2$&4"&*6#+2@2&4#2&6,2$+4%&D#2&,2*1"0&=",&6#""1+03&4#212&
4;"&6,2$+41:&$21?+42& 4#2>&)2+03& 6"014,(64+"0&?#*12& 6,2$+41:&;*1& 4#2& =*64&
4#*4& 4#2&*(4#",&,2*<+e2$&4#*4&@2,9& <+44<2&,212*,6#&#*1&)220&$"02&"0&4#212&
4;"&6,2$+41& +0&",$2,& 4"&6",,2<*42& 4#2>&;+4#&EA!& 4""<1%&R4#2,& A8B&$21+30&
?#*12&6,2$+41&<+K2&6,2$+41&S&Q&U&6"(<$&#*@2&)220&6#"120&=",&4#2&14($9&)(4&
4#2&=*64&4#*4&*&<"4&"=&)*6K3,"(0$&,212*,6#&#*1&)220&$"02&+0&4#2&?*14&;*1&*&
>*C",&$242,,204&+0&6#""1+03&4#2>%&L",&+014*062:&f,93+2<&Q&Z+21&$+16(11&+0&
$24*+<&4#2&6"<<*)",*4+"0&)24;220&EA!&Q&G*9<+3#4+03&+0&4#2+,&)""K:&ba,220&
EA!c& ^f,93+2<&Q&Z+21&OJJU_%&764(*<& 25*>?<21& "=& 4#2& A7B&?<*01& =,">& <+@2&
?,"C2641& ;2,2& (12$& $(,+03& 4#2& 6"(,12& "=& 4#2& +0\$2?4#& *0*<91+1%& 70&
+042,@+2;&;+4#&4#2&1(14*+0*)+<+49&>*0*32,&"=&[211&/"014,(64+"01&?,"@+$2$&
@*<(*)<2&+01+3#41&*1&;2<<%&

! Study!IFC!data!structures!to!check!how!they!apply!to!the!above!mentioned!
credits.!

D#2&0254& 142?& +0& 4#2& ,212*,6#&;*1& 4"& 6",,2<*42& 4#2& ?2,=",>*062&6,+42,+*&
022$2$& 4"& *6#+2@2& 4#2& *)"@2& >204+"02$& 6,2$+41& 4"& EA!& 426#0"<"39&
*@*+<*)<2& +0& 4#2&>*,K24%& E*6K3,"(0$& <+42,*4(,2& *<1"& ,2=<2642$& 4#2& <*6K& "=&
4#2& 6(,,204& 1"=4;*,2& *0$& 4#2& 022$& 4"& (12& AL/& $*4*& 14,(64(,21& =",&
"?4+>+e*4+"0&"=&4#2&)(+<$+03&?2,=",>*062%&D#+1&1264+"0&3*@2&4#2&*(4#",&*&
4#","(3#& (0$2,14*0$+03& "=& 4#2& 25*64& ,2.(+,2>2041& 022$2$& )9& 4#2&
4""<1k1"=4;*,2%&&D#+1&1264+"0&*<1"&<*+$&4#2&="(0$*4+"0&=",&6"06<(1+"01&*0$&
4#2&=(4(,2&,212*,6#&1264+"0%&

! Recommendations! to! apply! the! identified! measures! to! successfully!

incorporate!Indoor!Environmental!Quality!in!BIM!technology!
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D#2&=+0*<&142?&"=&4#+1&14($9&;*1&4"&"(4<+02&4#2&*,2*1&022$2$&)9&EA!&4""<1&
4"& 1(66211=(<<9& +0423,*42& 4#2& 426#0"<"39& +04"& A8B& >*0*32>204%& D#2&
,26">>20$*4+"01& *0$& *,2*1& =",& =(4(,2& ,212*,6#& ;2,2& +$204+=+2$& 4"&
+>?,"@2&4#2&2==+6+2069&"=&4#2&=*6+<+4+21&"@2,&4#2+,&<+=2696<2%&&!

&

&

&

L+3%&I`&!24#"$"<"39&"=&4#2&T212*,6#&

1.6!EXPECTED!OUTCOMES!&!IMPACTS&

D#2& "(46">2& "=& 4#+1& ,212*,6#& ;*1& 4#2& +$204+=+6*4+"0& "=& A0$"",& 80@+,"0>204*<&
B(*<+49& ?2,=",>*062&>2*1(,21& 0"4& 6(,,204<9& +06",?",*42$& +0& 4#2& 25+14+03& EA!&
>"$2<1%& L(,4#2,& ,26">>20$*4+"01& *,2& 3"+03& 4"& )2&>*$2& =",& *&>",2& 6">?<242&
>"$2<& ;#+6#& >*K21& (12& "=& 4#212& >2*1(,21& $(,+03& 4#2& $21+30& ?#*12& *0$&
(<4+>*42<9&4#2&<+=2696<2&"=&4#2&)(+<$+03%&D#+1&,212*,6#&;*1&1+30+=+6*04&)26*(12&A8B&
=",>1&*0& +>?",4*04&?*,4&"=&*09&)(+<$+03g1&?2,=",>*062&*0$&4#2& =*64& 4#*4&EA!&+1&
4#2& =(4(,2& "=& 4#2& 6"014,(64+"0& +0$(14,9& *0$& *0& 2562<<204& 4""<& 4"& =*6+<+4*42&

 Literature Review

Sustainability 
 

IEQ Management 

 

LEED Version 3.0 Credits  
 

Design Phase Tools 

 Develop a matrix of what BIM tools apply to specific IEQ LEED 3.0 credits 

BIM Technology 

 Analysis of Credits 3.1 & 3.2: IAQ Construction Management Plans 

 Study IFC data structures to check its applicability to the above mentioned credits 

  Conclusion  Documentation  
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1(14*+0*)<2& $21+30& *0$& A8B& >*0*32>204:& +4& +1& +>?",4*04& 4"& (0$2,14*0$& *0$&
"?4+>+e2&4#2&,2<*4+"01#+?&)24;220&4#2>%&&

D#(1:&4#2&*(4#",&#"?21&4#*4&4#,"(3#&4#2&3*?&*0*<91+1&"=&EA!&4""<1&;+4#&,21?264&4"&
A8B& >*0*32>204& *0$& 4#2& ,26">>20$*4+"01& 1(332142$:& 4#2& 1"=4;*,2& 6"(<$& )2&
+>?,"@2$&(?"0&*0$&(4+<+e2$&)2442,& 4"& +>?,"@2& 4#2&)(+<$+03g1&?2,=",>*062&"@2,&
+41&<+=2696<2%&

&
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&
2.1!INDOOR!ENVIRONMENTAL!QUALITY!

A0$"",& 80@+,"0>204*<& B(*<+49& ^A8B_& +06<($21& 4#2& .(*<+49& "=& 4#2& *+,& ;+4#+0& *&
)(+<$+03&20@+,"0>204&*<"03&;+4#&"66(?*041g& #2*<4#:& 1*=249& *0$& 6">=",4:& 202,39&
6"01(>?4+"0& 246%& ^ZAR-[& OJNJ_%& A0$"",& 20@+,"0>2041& *,2& #+3#<9& 6">?<25& *0$&
)(+<$+03&"66(?*041&>*9&)2&25?"12$&4"&*&@*,+249&"=&6"04*>+0*041&^+0&4#2&=",>&"=&
3*121&*0$&?*,4+6<21_&=,">&"==+62&2.(+?>2041:&6<2*0+03&?,"$(641:&+0$"",&Q&"(4$"",&
6"014,(64+"0& *64+@+4+21:& 6*,?241& *0$& =(,0+1#+031:& ?2,=(>21:& 6+3*,2442& 1>"K2:&
;*42,\$*>*32$& )(+<$+03& >*42,+*<1:& >+6,")+*<& 3,";4#& ^=(03*<k& >"<$& *0$&
)*642,+*<_:& +012641:& *0$& "(4$"",& ?"<<(4*041&^ZAR-[& OJNJ_%& 7>2,+6*01& 1?20$& *0&
*@2,*32&"=&WJh&"=&4#2+,& 4+>2& +0$"",1:&1"&4#2&.(*<+49&"=& 4#2& +0$"",&20@+,"0>204&
#*1& *& 1+30+=+6*04& +0=<(2062& "0& 4#2+,&;2<<\)2+03:& ?,"$(64+@+49:& *0$& .(*<+49& "=& <+=2&&
^l-8P7& OJJN_%& D#2& l%-%& 80@+,"0>204*<& P,"4264+"0& 732069& ^8P7_& ,2?",41& 4#*4&
?"<<(4*04&<2@2<1&"=&+0$"",&20@+,"0>2041&>*9&,(0&O&4"&M&4+>21m*0$&"66*1+"0*<<9&
>",2&4#*0&NJJ&4+>21&#+3#2,&4#*0&"(4$"",&<2@2<1&^l-8P7&OJJN_%&
R(,& (0$2,14*0$+03& "=& #2*<4#& 2==2641& ,2<*42$& 4"& 4#2& +0$"",& 20@+,"0>204& #*1&
2@"<@2$&"@2,&4#2&?*14&$26*$2%& A0&4#2&?*14:&$+16(11+"01&"=& A8B&="6(12$&"0&+0$"",&
*+,& 6"014+4(2041& ^;#+6#& +06<($2$& ?*,4+6<21:& )+"*2,"1"<1:& *0$& 6#2>+6*<1_:& *0$&
6">=",4&=*64",1&^42>?2,*4(,2:&*+,&=<";:&*0$&#(>+$+49_&^-*>24&24&*<%&NWWU_%&!",2&
,26204<9:& ;2& #*@2& )23(0& 4"& <""K& *4& 4#2& ,2<*4+"01#+?& )24;220& 4#2& )(+<4&
20@+,"0>204& *0$& #(>*01& *1& *& 6">?<25& +042,?<*9& )24;220& )(+<$+03& "66(?*041&
*0$&*0&*,,*9&"=&?#91+6*<:&6#2>+6*<:&)+"<"3+6*<:&*0$&$21+30&=*64",1%&D#+1&2@"<(4+"0&
+0& (0$2,14*0$+03& #*1& ?,"="(0$& +>?<+6*4+"01& =",& 4#2& $21+30& *0$& "?2,*4+"0& "=&
)(+<$+031:& #";& 4#2& )(+<$+031& *,2& (12$:& *0$& 4#2& ?,2@204+"0& *0$&>*0*32>204& "=&
#2*<4#&?,")<2>1&4#*4&"66(,&+0&)(+<$+03&"66(?*041%&

A4& +1& +06,2*1+03<9& *??*,204& 4#*4& +0$"",& 20@+,"0>2041& *,2& (0+.(2& *0$& 6"04*+0&
1+30+=+6*04&25?"1(,21&4#*4&6*0&*==264&4#2&#2*<4#&"=&"66(?*041%&D#2&25?"1(,21&*,2&
4#2& ,21(<4& "=& 6">?<25& +042,*64+"01& )24;220& 4#2& 14,(64(,2:& )(+<$+03& 19142>1:&
=(,0+1#+031:& 4#2& "(4$"",& 20@+,"0>204:& *0$& 4#2& )(+<$+03& "66(?*041& *0$& 4#2+,&
*64+@+4+21& ^!+46#2<<& 24& *<%& OJJS_%& 71& ?2"?<2& 1?20$& >",2& 4+>2& +0$"",1:& 4#2&

CHAPTER!2:!LITERATURE!REVIEW
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"??",4(0+4+21& +06,2*12& =",& 1+30+=+6*04& #2*<4#& 2==2641& ,21(<4+03& =,">& 4#212&
25?"1(,21%&&

T26204& +06,2*121& +0& )(+<$+03\,2<*42$& +<<021121& *0$& b-+6K& E(+<$+03& -90$,">2:c&
^-E-_& *1& ;2<<& *1& *0& +06,2*1+03& 0(>)2,& "=& ,2<*42$& <23*<& 6*121:& #*@2& =(,4#2,&
#2+3#4202$& *;*,20211& "=& +0$"",& *+,& .(*<+49& ^A7B_& *>"03& )(+<$+03& ";02,1& *0$&
"66(?*041& ^l-8P7& NWUS_%& R4#2,& =*64",1& 1(6#& *1& +0$"",& 42>?2,*4(,21:& ,2<*4+@2&
#(>+$+49:& *0$& @204+<*4+"0& <2@2<1& 6*0& *<1"& *==264& #";& +0$+@+$(*<1& ,21?"0$& 4"& 4#2&
+0$"",& 20@+,"0>204%& l0$2,14*0$+03& 4#2& 1"(,621& "=& +0$"",& 20@+,"0>204*<&
6"04*>+0*041& *0$& 6"04,"<<+03& 4#2>&6*0&"=420&#2<?&?,2@204&",& ,21"<@2&)(+<$+03\
,2<*42$&;",K2,&19>?4">1%&&

2.1.1!Productivity!

A0$"",& *+,& .(*<+49& *0$& 4#2,>*<& 6">=",4& *,2& 4;"& +>?",4*04& *1?2641& "=& +0$"",&
20@+,"0>204*<&.(*<+49&4#*4&,262+@2&6"01+$2,*)<2&*44204+"0&)9&)(+<$+03&$21+302,1%&
A042,0*4+"0*<& *0$& ,23+"0*<& 14*0$*,$1& ?,216,+)2& 6"0$+4+"01& +0420$2$& 4"& ="142,&
20@+,"0>2041& 4#*4& *,2& *662?4*)<2& 4"& "66(?*041%& 7<4#"(3#& 4#2,2& +1& 6"01+$2,*)<2&
=+2<$&$*4*&"0&*+,&.(*<+49&*0$&4#2,>*<&6">=",4:&4#2,2&+1&=*,&<211&$*4*&4#*4&*1121121&
"66(?*04& 1*4+1=*64+"0& *6,"11& *& <*,32& 0(>)2,& "=& )(+<$+031& (1+03& *& 19142>*4+6&
>24#"$:& *0$&(1+03& "66(?*04& "?+0+"01& *1& *&>2*1(,2& "=& )(+<$+03&?2,=",>*062& +1&
14+<<&=*,&=,">&14*0$*,$&?,*64+62&^[(+e203*&24&*<&OJJX_%&

A0&*$$+4+"0&4"&#2*<4#&*0$&<+*)+<+49&6"062,01:&?,"$(64+@+49&3*+01&*<1"&$,+@2&+0$"",&
20@+,"0>204*<&.(*<+49&+>?,"@2>2041%&]+4#&2>?<"9221g&1*<*,+21&*&1+30+=+6*04&6"14&
+0&*09&6">>2,6+*<&)(+<$+03:& +4&>*K21&3""$&)(1+0211&12012& 4"&K22?&14*==&#2*<4#9&
*0$& ?,"$(64+@2& )9& +>?,"@+03& *0$& >*+04*+0+03& 4#2& .(*<+49& "=& 4#2& +0$"",&
20@+,"0>204%& D#2& ?"4204+*<& *00(*<& 1*@+031& *0$& ?,"$(64+@+49& 3*+01& =,">&
+>?,"@2$&+0$"",&20@+,"0>204*<&.(*<+49&+0&4#2&l0+42$&-4*421&*,2&214+>*42$&*4&nX&
)+<<+"0& 4"& nNV& )+<<+"0& =,">& ,2$(62$& ,21?+,*4",9& $+12*12:& nN& )+<<+"0& 4"& nV& )+<<+"0&
=,">&,2$(62$&*<<2,3+21&*0$&*14#>*:&nNJ&)+<<+"0&4"&nIJ&)+<<+"0&=,">&,2$(62$&1+6K&
)(+<$+03& 190$,">2& 19>?4">1:& *0$& nOJ& )+<<+"0& 4"& nNXJ& )+<<+"0& =,">& $+,264&
+>?,"@2>2041& +0& ;",K2,& ?2,=",>*062& 4#*4& *,2& (0,2<*42$& 4"& #2*<4#& ^A7B& L*64&
-#224&OJJX_%&
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/#*,*642,+14+61& "=& )(+<$+031& *0$& +0$"",& 20@+,"0>2041& #*@2& )220& <+0K2$& 4"& 4#2&
?,2@*<2062&"=&*6(42&)(+<$+03\,2<*42$&#2*<4#&19>?4">1:&"=420&6*<<2$&1+6K\)(+<$+03&
190$,">2& ^-E-_& 19>?4">1:& 25?2,+2062$& )9& )(+<$+03& "66(?*041%& -E-& 19>?4">1&
+06<($2& +,,+4*4+"0& "=& 2921:& 0"12:& *0$& 1K+0:& #2*$*6#2:& =*4+3(2:& *0$& $+==+6(<49&
),2*4#+03&^L+1K&OJJJ_%&7<4#"(3#&?196#"1"6+*<&=*64",1&1(6#&*1&C")&14,211&+0=<(2062&
-E-&19>?4">1:&>*09&)(+<$+03&=*64",1&*,2&*<1"&K0";0&",&1(1?2642$&4"&+0=<(2062&
4#212& 19>?4">1& +06<($+03`& 49?2& "=& @204+<*4+"0& 19142>j& ,*42& "=& "(41+$2& *+,&
@204+<*4+"0j& <2@2<& "=& 6#2>+6*<& *0$& >+6,")+"<"3+6*<& ?"<<(4+"0j& *0$& +0$"",&
42>?2,*4(,2&*0$&#(>+$+49%&
D#2&214+>*42&"=&4#2&?,"$(64+@+49&<"11&=,">&-E-&19>?4">1&+1&)*12$&"0&4#2&<+>+42$&
+0=",>*4+"0& *@*+<*)<2%& D#2& ,2?",41& 1(33214& *& ?,"$(64+@+49& $26,2*12:& *@2,*32$&
"@2,& 4#2& 204+,2&;",K& ?"?(<*4+"0:& "=& *??,"5+>*42<9& Vh& $(2& 4"& ?"",& +0$"",& *+,&
.(*<+49&*0$&?#91+6*<&6"0$+4+"01&*4&;",K&^L+1K&OJJJ_%&

2.1.2!IEQ!Analysis!Methods!

D#,"(3#"(4& 4#2& ;",<$& 26"0">9:& >*09& +0$(14,+*<& 1264",1& *,2& )23+00+03& 4"&
,26"30+e2& 4#2& +>?*641& "=& 4#2+,& *64+@+4+21& "0& 4#2& 20@+,"0>204& *0$& 4"& >*K2&
1+30+=+6*04&6#*0321&4"&>+4+3*42&4#2+,&20@+,"0>204*<&+>?*64%&D#2&6"014,(64+"0&*0$&
?,"?2,49& 1264",& +1& *<1"& 14*,4+03& 4"& *6K0";<2$32& 4#2+,& ,21?"01+)+<+4+21& =",& 4#2&
20@+,"0>204&\&6*(1+03&*&1#+=4&+0&#";&)(+<$+031&*,2&$21+302$:&)(+<4:&*0$&"?2,*42$&
^/,*;<29&*0$&7#"&NWWW_%&

8@20& 4#"(3#& A8B& *11211>204& >24#"$1& *,2& 0"4& ",+3+0*<<9& +0420$2$& 4"& 12,@2& *1&
$21+30& 3(+$2<+021& +4& 122>1& 4#*4& 4#29:& +0& 4#2& *)12062& "=& )2442,& *<42,0*4+@21:& *,2&
+06,2*1+03<9&)2+03&(12$&*1&1(6#%&

D#2&?,+>*,9&)202=+4& =,">& 4#212&>24#"$1& +1& 4#*4& 4#29& 6*0&?,"@+$2& *& 14,(64(,2$&
>2*01&"=&+06",?",*4+03&?2,=",>*062&4*,3241&*0$&6,+42,+*&+04"&4#2&$21+30&?,"6211%&
R02& >24#"$& =",& A8B& *0*<91+1& +1& 4#2& 0214+03& ?,+06+?<2& +0& 4#2& a,220& E(+<$+03&
711211>204&^aE7_&>24#"$:&;#+6#&20*)<21&"@2,*<<&6,+42,+*&4"&)2&$242,>+02$&*0$&
2@*<(*42$& $(,+03& 4#2& $21+30\*11211>204& ?,"6211%& ^/,*;<29& *0$& 7#"& NWWW_%&
D#2,2=",2:& 4#2& 6">>"0& $20">+0*4",& "=& $21+30& 3(+$2<+021& *0$& ?2,=",>*062&
*11211>204& 19142>1& +1& >*42,+*<+e2$& +0& ?2,=",>*062& +0$+6*4",1& ",& 6,+42,+*%& L",&
)(+<$+03& $21+30& 4#212& ,2?,21204& 4*,3241:& ")C264+@21& *0$& ^",_& ,2.(+,2>2041:&
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;#2,2*1&=",&?2,=",>*062&*11211>204&4#29&,2?,21204&4#2&)*1+6&"(4?(4&"=&*0*<91+1%&
D#2&>*C",&$,*;)*6K&"=&aE7&>24#"$&*0$&4#2&,2*1"0&4#*4&+4&+1&0"4&;2<<&K0";0&*1&
*0&*0*<91+1&>24#"$&+1&4#*4&+4&+1&*&>*0(*<&?,"6211&;#+6#&4*K21&(?&*&<"4&"=&4+>2&*0$&
2==",4&"0&4#2&?*,4&"=&4#2&2@*<(*4",1%&&

H204+<*4+"0&19142>1&=",>&*&)+3&?*,4&"=&4#2&A8B&>*0*32>204:&A4&+1&4#(1&+>?",4*04&
4"&#*0$<2&2==264+@2&@204+<*4+"0&19142>1&+0&",$2,&4"&")4*+0&*0$&4"&>*+04*+0&*&3""$&
.(*<+49& "=& +0$"",& *+,%& H204+<*4+"0& 2==+6+2069& 6*0& )2& 25?2,+>204*<<9& *0$&
0(>2,+6*<<9&*0*<9e2$&^7K"(*&24&*<&OJJS_%&

D#2& 0(>2,+6*<& *0*<91+1& +1& (12=(<& 4"& $2*<1&;+4#& $24*+<1& "=& 4#2& +042,0*<& =<";& *0$&
6"04*>+0*04& $+14,+)(4+"0%& A0& 1"& $"+03:& /">?(4*4+"0*<& L<(+$1& G90*>+61& ^/LG_&
6"014+4(421& "02& "=& 4#2& )214& 0(>2,+6*<& 4""<1%& /">?(4*4+"0*<& =<(+$& $90*>+61& #*1&
)220& (12$& =",& >*09& 92*,1& *1& *& ,212*,6#& 4""<& =",& ,"">& *+,& >"@2>204%& A4& +1&
+>?",4*04&4"&6"01+$2,&4#2&.(*<+49&"=&/LG&?,2$+64+"01&)26*(12&"=&4#2&;+$21?,2*$&
(12&"=&4#2&>24#"$%&A4&+1&6"06<($2$&4#*4&0(>2,+6*<&16#2>21&;+4#&*&126"0$&",&4#+,$&
",$2,&"=&*66(,*69&1#"(<$&)2&(12$&;#202@2,&+4&+1&?"11+)<2&+0142*$&"=&16#2>21&;+4#&
=+,14& ",$2,& "=& *66(,*69:& )(4& +0& 1">2& 1+4(*4+"01& +4& 6*0& )2& $+==+6(<4& 4"& ")4*+0&
6"0@2,32$&1"<(4+"01&)9&4#2&<*14&>204+"02$&16#2>21&^Z+2<1"0&OJJV_%&

7<1":& /LG& 4""<1& *,2&;+$2<9& (12$& +0& 4#2& 14($9& "=& +0$"",& *+,& .(*<+49:& +0$"",& *0$&
"(4$"",& 4#2,>*<& 6">=",4:& =+,2& 1*=249:& *0$& 1>"K2& 254,*64+"0& *?*,4& =,">& 4#2&
)(+<$+03& @204+<*4+"0& 19142>1& ^["03& 24& *<& NWWW_%& E(+<$+03& 1+>(<*4+"0& (1+03& /LG&
1"=4;*,2& +1& 3*+0+03& ?"?(<*,+49& $(2& >*+0<9& 4"& 02;& 14*0$*,$1& "0& #2*<4#& *0$&
6">=",4& +0& 4#2& )(+<4& 20@+,"0>204& *0$& 4#2& 022$& 4"& $21+30& +042,0*<& 1?*621& *0$&
[H7/& 19142>1& 4#*4& >224& 4#2& ,2.(+,2$& 14*0$*,$1& 6,+42,+*%/LG& 1"=4;*,2& <+K2&
L<(204:&/Lo&*0$&LAG7P&*>"03&>*09&"4#2,1&*,2&)2+03&(12$&+0&4#2&+0$(14,9&4"$*9&
=",&4#2&?(,?"121&"=&A8B&*0*<91+1%&&

2.2!BUILDING!INFORMATION!MODELING!

D#2&6"014,(64+"0&+0$(14,9&+1&+0&4#2&2*,<9&14*321&"=&*0&#+14",+6&1#+=4&+0&+41&>24#"$1:&
$(2& 4"& 4#2& *$@204& "=& *& 02;& +0=",>*4+"0& 426#0"<"39& K0";0& *1& E(+<$+03&
A0=",>*4+"0&!"$2<+03&^EA!_%&]+4#&4#+1&426#0"<"39:&4#2&+0=",>*4+"0&022$2$&=",&*&
?,"C264g1&$21+30:& 6"014,(64+"0&*0$&"?2,*4+"0& +1&6"04*+02$& +0&$+3+4*<&>"$2<1%&D#2&
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*$@*04*321& 4#*4& *,2& "==2,2$& )9& EA!& 4"& 4#2& )(+<$+03& +0$(14,9& ?,"@+$2& 14,"03&
?,2>+121& 4"& "@2,6">2& 4#2& =,*3>2042$& 0*4(,2& "=& 4#2& +0$(14,9%& D#+1& 426#0"<"39&
;+<<&20*)<2&)2442,&6"<<*)",*4+"0&)24;220&$21+30&+0=",>*4+"0&*0$&=*),+6*4+"0&*0$&
6"014,(64+"0& ?,"621121%& 71& *& ,21(<4& 4#2& +0$(14,9& +1& <+K2<9& 4"& 122& 02;& 2>2,3+03&
?,"621121& 4#*4& ,2?<*62& 4#2& 4,*$+4+"0*<& 12?*,*4+"0& "=& $21+30:& 6"014,(64+"0& *0$&
=*6+<+4+21&>*0*32>204&^!"K)2<&OJJX_%&

A0& 4#2& ON14& 6204(,9:& 2@2,9& 2@"<(4+"0& +0& 426#0"<"39& #*1& )220& *6#+2@2$& ;+4#&
*$@*0621& +0& 6">?(42,& 16+2062%&D#2& ,21(<4& "=& 2*6#& 2@"<(4+"0& +1& 4"&?,"@+$2&>",2&
+0=",>*4+"0&4"&*44*+0&")C264+@21&2*1+<9%&D#+1& 426#0+6*<&2@"<(4+"0& +1&*<1"&,2=<2642$&
+0&4#2&7,6#+4264(,2:&803+022,+03:&*0$&/"014,(64+"0&^78/_&A0$(14,9%&A0&4#2&?*14&NJ&
92*,1:&$21+30&4""<1&+0&4#2&78/&+0$(14,9&#*@2&)220&+>?,"@2$&=,">&OG&>"$2<+03&4"&
IG&>"$2<+03%&D"$*9:&1">2&1"=4;*,2&6">?*0+21&1(6#&*1&7(4"$21K&6<*+>&4#*4&4#29&
?,"$(62& 02;& $21+30& 1"=4;*,2& )*12$& "0& 4#2& 6"062?4& "=& E(+<$+03& A0=",>*4+"0&
!"$2<+03&^p*0&OJJS_%&

EA!& 6">)+021& +0=",>*4+"0& 022$2$& =",& *& ?,"C264g1& $21+30:& 6"014,(64+"0& *0$&
"?2,*4+"0&+04"&*&$+3+4*<&=",>%&EA!&+1&+>?",4*04<9&$2=+02$&*1&4#2&$2@2<"?>204&*0$&
(12&"=&*&426#0"<"39&4"&1+>(<*42&4#2&6"014,(64+"0&*0$&"?2,*4+"0&"=&*&=*6+<+49&=,">&
;#+6#&@+2;1&*0$&$*4*&*??,"?,+*42&4"&@*,+"(1&(12,1g&022$1&6*0&)2&254,*642$&*0$&
*0*<9e2$%&&D#212&$*4*&*,2&4#20&(12$&4"&3202,*42&+0=",>*4+"0&=",&>*K+03&$26+1+"01&
4#*4&+>?,"@2&4#2&?,"6211&"=&$2<+@2,+03&4#2&=*6+<+49&^8,014,">&24&*<&OJJX_%& &EA!g1&
*$@*04*32&4"&4#2&+0$(14,9&+1&+0&+41&420$2069&4"&"@2,6">2&4#2&=,*3>2042$&0*4(,2:&
4#(1& ,2$(6+03& ,+1K& *0$& 6"14& ;#+<2& +06,2*1+03& .(*<+49%& EA!& *<1"& 20*)<21& )2442,&
6"<<*)",*4+"0& )24;220& $21+30& +0=",>*4+"0& *0$& 4#2& =*),+6*4+"0& ?,"621121& "=&
6"014,(64+"0:& ,21(<4+03& +0& 02;<9& 2>2,3+03& ?,"621121& 4#*4& ,2?<*62& 4,*$+4+"0*<<9&
12?*,*42$&$21+30:&6"014,(64+"0&*0$&=*6+<+4+21&>*0*32>204&^!"K)2<&OJJX_%&&&

EA!& ",+3+0*42$& +0& 4#2& <*42& NWWJ1:&;#20& +>?,"@2>2041& +0& #*,$;*,2& 1?22$& *0$&
?2,=",>*062& *<<";2$& =",& 4#2& $2@2<"?>204& "=& +042<<+3204& IG& $21+30& 1"=4;*,2%&&
D#212& $2@2<"?>2041& >2*04& 4#*4& /7G& 1"=4;*,2& ;*1& 0";& 6*?*)<2& "=& 14",+03&
$24*+<2$& ?*,*>242,1& "=& 4#2& )(+<$+03& 2<2>2041& ,*4#2,& 4#*0& 1+>?<2& 3,*?#+6&
,2?,21204*4+"0&"=&4#"12&2<2>2041&^[";2<<&OJJM_.&EA!&;*1&K0";0&*1&*0&b")C264\
",+2042$& >"$2<:c& *& 6"<<264+"0& "=& )(+<$+03& ")C2641& +0& >"$2<& =",>& 4#*4& ;2,2&
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?,2@+"(1<9& *& 12,+21& "=& <+021& *0$& ?<*021%& Z2;2,& 426#0"<"3+21& )23*0& 4"&
*66">>"$*42& >(<4+?<2& $+16+?<+021:& *1& *& ,21(<4:& +04"& *& 1+03<2& =",>& "=&
6">>(0+6*4+"0%& D#2& 02;& 1"=4;*,2& #2<?2$& $24264& 6"0=<+641& +0& )(+<$+03&
6">?"02041:& >+0+>+e2$& (0$242642$& 6"014,(64+"0& ?,")<2>1& 4#*4& ;2,2& 6"14<9&
;#20&(0$242642$%&&70&25*>?<2&>+3#4&)2&?+?+03&4#*4&?2024,*421&$(64+03%&&EA!&*<1"&
?,"@+$2$&*<<& +042<<+3204&)(+<$+03&")C2641&+0&*&1+03<2&b?,"C264&$*4*)*12jc&*&b@+,4(*<&
)(+<$+03c& *11"6+*42$& ;+4#& *& 1+03<2:& <"3+6*<:& 6"01+14204& 1"(,62& =",& *<<& ?#91+6*<&
)(+<$+03&+0=",>*4+"0&^[";2<<&OJJM_.&
/"0=(1+"0&1(,,"(0$1&*,"(0$&4#2&6204,*<&$2=+0+4+"0&"=&EA!%&D#2&="<<";+03&*,2&4#2&
@*,+"(1&$2=+0+4+"01&"=&EA!&*1&,26",$2$&+0&<+42,*4(,2`&

Building!Information!Modeling!is!the!development!and!use!of!a!computer!software!

model!to!simulate!the!construction!and!operation!of!a!facility.!The!resulting!model,!

a! Building! Information! Model,! is! a! data"rich,! object"oriented,! intelligent! and!

parametric! digital! representation! of! the! facility,! from! which! views! and! data!

appropriate! to! various! users’! needs! can! be! extracted! and! analyzed! to! generate!

information! that! can! be! used! to! make! decisions! and! improve! the! process! of!

delivering!the!facility&^8,014,">&24&*<&OJJX_%&

Building! Information!Modeling! refers! to! the! creation! and! coordinated! use! of! a!

collection!of!digital! information!about!a!building!project.!The! information! is!used!

for! design! decision"making,! production! of! high"quality! construction! documents,!

predicting! performance,! cost! estimating,! and! construction! planning,! and!

eventually,!for!managing!and!operating!the!facility!^Gg73"14+0"&OJJS_%&
Building! Information! Modeling! is! a! digital! representation! of! physical! and!

functional! characteristics! of! a! facility.! As! such! it! serves! as! a! shared! knowledge!

resource! for! information! about! a! facility! forming! a! reliable! basis! for! decisions!

during!its!life!cycle!from!inception!onward!^NBIMS).!

EA!& #*1& )220& 1(332142$& *1& *& 1"<(4+"0& 4"& 4#2& =,*3>2042$& 0*4(,2& "=& 4#2& 78/&
+0$(14,9&^8,014,">&24&*<&OJJXj&[";2<<&OJJMj!!"K)2<&OJJX)%&EA!:&*1&*&6"062?4:&+1&
,2<*4+@2<9&1+>?<2&*0$&4#2",+e21&4#*4&$*4*&,2.(+,2$& =,">&*<<&78/&14*K2#"<$2,1& 4"&
$21+30&*0$&6"014,(64&*&?,"C264&>*9&)2&2042,2$&*0$&$2@2<"?2$&;+4#+0&*&6"<<264+@2&
19142>:&4#(1&6"014,(64+03&4#2&?,"C264&+0&4#2&@+,4(*<&;",<$&=+,14%&&&
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D#2&(12&"=&EA!&=",&*,6#+42641&*0$&203+022,1&=*6+<+4*421&6">>(0+6*4+"0&"=&$21+30&
+04204& 4"& 6"04,*64",1:& =*),+6*4",1& *0$& 1()6"04,*64",1%& & EA!& (12& )9& 6"04,*64",1:&
=*),+6*4",1& *0$& 1()6"04,*64",1& =*6+<+4*421& 1(66211=(<& +>?<2>204*4+"0& "=& 4#2&
$21+30&+04204%&&EA!&,2$(621&,+1K1&4"&4#2&";02,&*1&;2<<&4#,"(3#&2==264+@2&$2<+@2,9&
"=&$21+30&+04204&*0$&+>?<2>204*4+"0:&4#(1&,2$(6+03&<23*<&25?"1(,21%&L(,4#2,&EA!&
+1&*&3,2*4&4""<&=",&4#2&";02,1&=",&4#2&=*6+<+49&>*0*32>204&"=&4#2&?,"C264&"@2,&+41&
6">?<242&<+=2696<2%&&

G+==2,204&49?21&"=&EA!&4""<1&*,2&*@*+<*)<2&+0&4#2&+0$(14,9&4"$*9%&D#212&4""<1&12,@2&
$+==2,204&=(064+"01&*0$&*,2&+042,\"?2,*)<2&;+4#&2*6#&"4#2,&;#+6#&>*5+>+e21&4#2&
(4+<+49&"=&EA!&*1&*&>24#"$"<"39&+0&4#2&+0$(14,9%&D#2&$+==2,204&49?21&"=&EA!&4""<1&
*,2`&

! Authoring! Tools:& -"=4;*,2& <+K2& T2@+4:& !+6,"14*4+"0& 246%& =*<<& (0$2,&
*(4#",+03&4""<1&)26*(12&4#2&?,+>*,9&=(064+"0&"=&4#212&4""<1&+1&4"&6,2*42&*&
IG&>"$2<&;#+6#&;"(<$&)2&<*42,&(4+<+e2$&=",&*&@*,+249&"=&?(,?"121%&

! Analysis!Tools:&7=42,&*&6">?<242&IG&>"$2<&#*1&)220&>*$2:&*0&*(4#",+03&
4""<&>+3#4&6">)+02&;+4#&*0&*0*<91+1&4""<&1(6#&*1&86"4264:&a,220&E(+<$+03&
-4($+"&246%&;#+6#&*0*<9e2&4#2&>"$2<&=",&$*9<+3#4+03:&4#2,>*<&6">=",4&246%&
l1(1*<<9& *0& *0*<91+1& 4""<& (121& 1+>(<*4+"0& 426#0+.(21& 4"& ?2,=",>& 4#2&
*0*<91+1&

! Validation!Tools:&F*14<9:&4""<1&<+K2&-"<+),+&!"$2<&/#26K2,&*0$&Z*@+1;",K1&
*,2&*0&+>?",4*04&6"3&+0&4#2&;#22<&"=&EA!&*1&4#29&?,"@+$2&*(4#204+6+49&*0$&
*66(,*69&4"&4#2&IG&>"$2<&?<*4=",>%&D#212&4""<1&6#26K&=",&$+==2,204&*1?2641&
+0&$+==2,204&?#*121&"=&4#2&)(+<$+03&<+=2696<2&1(6#&*1&6"$2&6">?<+*062:&6<*1#&
$24264+"01:&6"014,(64+"0&12.(206+03&246%&

G"(3<*1&^OJJM_&$+16(112$&"02&25*>?<2&*1&*0&+$2*<&1620*,+"&=",&EA!&*1&;+,2<211&
*66211& 4"& *& 6204,*<& $*4*)*12& =",& *<<& ?*,4+6+?*4+03& 204+4+21%& & D#+1& 1620*,+"&>+3#4&
+06<($2&^G"(3<*1&OJJM_`&

! 7662?4+03&*0&*,6#+4264q1&+0+4+*<&1K246#%&
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! L*6+<+4*4+03& 4#2& +0+4+*<& 1K246#& )2+03& 4,*01=",>2$& +04"& *0& +042<<+3204& IG&
6">?(42,&>"$2<&;+4#&+06,2*1+03&)(+<$+03&6">?"0204&$24*+<%&

! 80*)<+03&6,2*4+"0&"=&4+>2<+021&*0$&14*4(1&,2?",41&4#*4&*,2&K0";<2$32*)<2&
*)"(4&4#2&$21+30&")C2641%&

! /">?+<+03& >*42,+*<1& <+141:& 6"141:& *0$& @20$",1:& $2,+@2$& (1+03& 4#2&
+0=",>*4+"0&*)"(4&4#2&+042<<+3204&$21+30&")C2641%&

! 7662?4+03&*0$&,26"06+<+03&6#*0321&*09;#2,2&*<"03&4#2&;*9&4"&4#2&$21+30:&
>*42,+*<1:& @20$",1:& 4+>2<+02& ",& )($324& (1+03& )+$+,264+"0*<& ,26"06+<+*4+"0&
)24;220&*<<&6"014,(64+"0&$,*;+03&49?21%&

! 8<264,"0+6*<<9&",$2,+03&*0$&,262+@+03&*<<&6"014,(64+"0&>*42,+*<&"0&1+42&*0$&
"0&16#2$(<2%&

! P,"@+$+03&*(4">*42$&.(2,9&*4&*09&4+>2&+04"&*09&=*624&"=&4#2&)(+<$+03&
?,"C264%&&

EA!& 1620*,+"1& ;"(<$& 3"& )29"0$& 4#2& 6"014,(64+"0& "=& 4#2& =*6+<+49& *1& ;2<<& 4"&
rE(+<$+03&F+=2696<2&!*0*32>204&^G+<<"0&OJJM_%c&

74& =+,14& 3<*062:& EA!& 426#0"<"39& *??2*,1& 4"& #*@2& "?202$& *& $"",& "=& 02;&
?"11+)+<+4+21&;#+6#&4#2&+0$(14,9&6*00"4&+30",2&^D#">1"0&*0$&!+02,&OJJX_%&-4+<<:&
*??<+6*4+"0&"=&4#+1&02;&>24#"$"<"39&#*1&)220&*&1+30+=+6*04&6#*<<2032&=",&+0$(14,9&
14*K2#"<$2,1%&7>"03&"4#2,1:&4#2&4;"&<*,3214&6#*<<20321&4"&+>?<2>204*4+"0&)2+03&
4#*4&426#0"<"39&$2@2<"?2,1&*0$&20$\(12,1&25?2,+2062&+042,"?2,*)+<+49&"=&25+14+03&
EA!& ?,"3,*>1& *0$& *& <*6K& "=& *66(,*42& 426#0"<"3+21& 4"& =(<=+<<& 1?26+=+6& ?(,?"121&
^D#">1"0&*0$&!+02,&OJJX_%&&&

2.3!NEED!FOR!IEQ!AND!BIM!TO!COME!TOGETHER!

G(,+03&4#2&?*14&=2;&$26*$21:&4#2&=+2<$&#*1&2@"<@2$&)29"0$&4#2&4,*$+4+"0*<&*,2*&"=&
#2*4+03& *0$& 6""<+03& "=& )(+<$+03& +042,+",1& 4"& +06<($2& 4"?+61& 1(6#& *1& #2*<4#:&
26"0">+61:& *0$& *214#24+61%& 81?26+*<<9:& 6"062,01& ;+4#& +0$"",& 20@+,"0>204*<&
.(*<+49&^A8B_&#*@2&+06,2*12$&1+062&202,39&6"012,@*4+"0&>2*1(,21&;2,2&+014+4(42$&
+0&"==+62&)(+<$+031&>+0+>+e+03& 4#2& +0=+<4,*4+"0&"=&"(41+$2&*+,&*0$&6"04,+)(4+03& 4"&
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4#2& )(+<$(?& "=& *+,& 6"04*>+0*041& ^p*0*& 24& *<& OJJX_%&71& *& ,21(<4:& 4#2& ?*,*>242,1&
6"01+$2,2$&)9&4#2&[H7/&19142>&$21+302,1&*,2&0"4&"0<9&4#2&+0$"",&42>?2,*4(,2:&
)(4& *<1"& 4#2& +0$"",& #(>+$+49& *0$&>*09& A8B& ,2<*42$& ?*,*>242,1%& R0& 4#2& "4#2,&
#*0$:&6(,,204&203+022,+03&$21+30&4""<1&$"&0"4&#*@2&*0& +0423,*42$&6"01+$2,*4+"0&
"=& 4#2&*)"@2&@*,+*)<21%&L",&25*>?<2:& 4#2&)(+<$+03&@204+<*4+"0& 49?2&*0$& =,21#&*+,&
,*42& =,">& 202,39& 6"012,@*4+"0& @+2;?"+04& >*9& )2& 6"04,*,9& 4"& 4#"12& =,">& A8B&
?2,1?264+@2&^p*0*&24&*<&OJJX_%&&D#+1&6*<<1&=",&$21+30&4""<1&4#*4&6*0&1+>(<4*02"(1<9&
4*K2&+04"&*66"(04&@*,+"(1&K29&=*64",1&+0&4#2&1+>(<*4+"0&?,"6211%&&

766",$+03&4"&f,93+2<&*0$&Z+21:&4#2&=(0$*>204*<&42024&"=&4,(2&1(14*+0*)<2&$21+30&
+1& 4#2& +0423,*4+"0&"=&*<<& 4#2&)(+<$+03&19142>1&;+4#+0& 4#2>12<@21&*1&;2<<& *1&;+4#&
4#2&2542,0*<&26"0">+6&*0$&20@+,"0>204*<&,2*<+4+21&"=&4#2&?,"C264%&]2&6*0&+>?<9&
4#2& 1*>2& =",& A8B& >*0*32>204& *1& (0<211& *<<& 4#2& 19142>1& *11"6+*42$& ;+4#& 4#2&
)(+<$+03&4*K2&+04"&*66"(04&4#2&#(>*0&=*64",&*0$&+0423,*42&+4&+04"&4#2&)(+<$+03:&+4g1&
@2,9&$+==+6(<4&4"&#*@2&*&4,(<9&202,39&2==+6+204&)(+<$+03%&
71&>204+"02$&*)"@2:&4#2&;*04&4"&+0423,*42&4#2&)(+<$+03&19142>1&;+4#&2*6#&"4#2,&
6*0&)2&*01;2,2$&;+4#&*&6">?<242&EA!&>"$2<&;#+6#&;"(<$&*64&*1&*&$*4*)*12&"=&
+0=",>*4+"0&"=&*<<&4#2&)(+<$+03&19142>1&$(,+03&?"14\"66(?*069:&*=42,&>*5+>+e+03&
+41& (4+<+49& "=& +>?,"@+03& (?"0& 4#2& $21+30& ?*,*>242,1& $(,+03& 4#2& $21+30& *0$&
6"014,(64+"0&?#*12&"=&4#2&?,"C264%&

2.4!HYPOTHESIS!

D#2&<+42,*4(,2&,2@+2;&3*@2&4#2&*(4#",&*0&(0$2,14*0$+03&"0&4#2&*,2*1&"=&EA!&*0$&
A8B&*0$&4#2&022$&4"&),+03&4#2&4;"&4"324#2,%&]+4#&4#2&#2<?&"=&4#+1&<+42,*4(,2:&4#2&
*,2*1& "=& 6"062,0&;2,2& +$204+=+2$& *0$& *& #9?"4#21+1& $2@2<"?2$%& D#+1& #9?"4#21+1:&
3+@20&)2<";:&;*1&4#20&42142$&4#,"(3#&*&$24*+<2$&*0*<91+1&"=&4#2&A8B&6,2$+41`&
&

• EA!&4""<1&$"&0"4&6*42,&4"&1">2&"=&4#2&A8B&P2,=",>*062&/,+42,+*&

• P"11+)<2& F+0K1& )24;220& EA!& 4""<1& *0$& A8B& $*4*& ,2.(+,2>2041& 6*0& )2&
$242,>+02$&4#,"(3#&*&$24*+<2$&*0*<91+1&
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!

3.1!LEED!3.0!IEQ!CREDITS!

F88G& H2,1+"0& I%J& A8B& 6#26K<+14& ;*1& (12$& *1& A8B& ?2,=",>*062& >2*1(,21%& D#2&
,2*1"0&=",&(1+03&F88G&H2,1+"0&I%J&*1&*0&*11211>204&4""<&+1&)26*(12&+4&+1&*&;+$2<9&
*662?42$& *0$& =2$2,*<<9& >*0$*42$& >2*1(,2>204& 4""<& =",& 1(14*+0*)+<+49& *0$& +0&
4(,0:&A8B&^F88G&Z/&T2=2,2062&a(+$2&OJJW_%&

F2*$2,1#+?& +0& 802,39& Q& 80@+,"0>204*<& G21+30& ^F88G_&+1& *0& +042,0*4+"0*<<9&
,26"30+e2$&3,220&)(+<$+03&62,4+=+6*4+"0&19142>:&?,"@+$+03&4#+,$\?*,49&@2,+=+6*4+"0&
4#*4&*&)(+<$+03&",&6">>(0+49&;*1&$21+302$&*0$&)(+<4&(1+03&14,*423+21&*+>2$&*4&
+>?,"@+03&?2,=",>*062&*6,"11&*<<&4#2&>24,+61&4#*4&>*442,&>"14`&202,39&1*@+031:&
;*42,& 2==+6+2069:& /RO& 2>+11+"01& ,2$(64+"0:& +>?,"@2$& +0$"",& 20@+,"0>204*<&
.(*<+49:&*0$&142;*,$1#+?&"=&,21"(,621&*0$&1201+4+@+49&4"&4#2+,&+>?*641%&

G2@2<"?2$&)9& 4#2&l%-%&a,220&E(+<$+03&/"(06+<&^l-aE/_:& F88G&?,"@+$21&)(+<$+03&
";02,1& *0$& "?2,*4",1& *& 6"06+12& =,*>2;",K& =",& +$204+=9+03& *0$& +>?<2>204+03&
?,*64+6*<& *0$& >2*1(,*)<2& 3,220& )(+<$+03& $21+30:& 6"014,(64+"0:& "?2,*4+"01& *0$&
>*+0420*062&1"<(4+"01%&

F88G& *$$,21121& )"4#& 6">>2,6+*<& *0$& ,21+$204+*<& )(+<$+03& 49?21%& A4& ;",K1&
4#,"(3#"(4& 4#2& )(+<$+03& <+=2696<2& s& $21+30& *0$& 6"014,(64+"0:& "?2,*4+"01& *0$&
>*+0420*062:& 420*04& =+4"(4:& *0$& 1+30+=+6*04& ,24,"=+4%& L",& 4#2& ?(,?"12& "=& 4#+1&
,212*,6#:& F88G& Z/& ^Z2;& /"014,(64+"0_& ;*1& (12$& )26*(12& "=& +41& ;+$2& 1?,2*$&
*??<+6*)+<+49& 4"& 4#2& 02;& 6"014,(64+"0& *6,"11& 4#2& 6"(04,9%& D#2& ,2.(+,2>204& "=&
F88G&-6#""<1& +1&>",2&*,$("(1&)(4& 4#2& 6,+42,+*& =",& A8B&14($9&;*1& 4#2& 1*>2& =",&
4#+1&?*,4+6(<*,&,212*,6#%&

D#2& A8B& 6,2$+41& +0& F88G& ,2=2,2062& 3(+$2& *$$,211& 254201+@2<9& 20@+,"0>204*<&
6"062,01& ,2<*4+03& 4"& +0$"",& *+,& .(*<+49j& "66(?*041g& #2*<4#:& 1*=249:& *0$& 6">=",4j&
202,39&6"01(>?4+"0j&*+,&6#*032&2==264+@20211j&*0$&*+,&6"04*>+0*04&>*0*32>204%&
D#2,2=",2:& +4&;*1&*?4& 4#*4& 4#212&6,2$+41&;2,2&$2=+02$&*1&?2,=",>*062&>2*1(,21&
=",&>9&,212*,6#%&&

CHAPTER!3:!INVESTIGATION!OF!BIM!TOOLS
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F88G& *$$,21121& 4#2& $+==2,204& ?,"C264& $2@2<"?>204& *0$&$2<+@2,9& ?,"621121& 4#*4&
25+14&+0&4#2&l%-%&)(+<$+03&$21+30&*0$&6"014,(64+"0&>*,K24:&4#,"(3#&,*4+03&19142>1&
=",& 1?26+=+6& )(+<$+03& 49?"<"3+21:& 1264",1:& *0$&?,"C264& 16"?21& *<<"6*4+"0&"=& ?"+041&
)24;220& 6,2$+41& +1& )*12$& "0& 4#2& ?"4204+*<& 20@+,"0>204*<& +>?*641& *0$& #(>*0&
)202=+41&"=&2*6#&6,2$+4&;+4#&,21?264&4"&*&124&"=&+>?*64&6*423",+21%&D#2&+>?*641&*,2&
$2=+02$& *1& 4#2& 20@+,"0>204*<& ",& #(>*0& 2==264& "=& 4#2& $21+30:& 6"014,(64+"0:&
"?2,*4+"0:& *0$&>*+0420*062&"=& 4#2&)(+<$+03:& 1(6#&*1&3,220#"(12&3*1&2>+11+"01:&
="11+<& =(2<& (12:& 4"5+01& *0$& 6*,6+0"3201:& *+,& *0$& ;*42,& ?"<<(4*041:& +0$"",&
20@+,"0>204*<&6"0$+4+"01&^F88G&Z/&T2=2,2062&a(+$2&OJJW_%&

D#2& +>?*641& $2=+02$& *)"@2& ?<*9& *& @2,9& +>?",4*04& ,"<2& =",& 4#2& ?(,?"12& "=& 4#+1&
,212*,6#&*1&A8B&?2,=",>*062&6,+42,+*&?*9&1?26+*<&2>?#*1+1&4"&4#2&20@+,"0>204*<&
*0$&#(>*0&+>?*64&"0&4#2&)(+<$+03&$21+30%&

D#2&A8B&6,2$+4&6#26K<+14&#*1&)220&<+142$&)2<";&+0&D*)<2&N&;+4#&4#2&+04204&"=&2*6#&
6,2$+4&),+2=<9&$216,+)2$%&D#212&6,2$+41&*,2&25?<*+02$&>",2&+0&$24*+<&+0&4#2&>*4,+5&
<*42,&"0&+0&4#2&6#*?42,%&

&& CREDITS! INTENT!

Prereq.1!
!+0+>(>&A0$"",&7+,&
B(*<+49&P2,=",>*062&

D"&214*)<+1#&>+0+>(>&+0$"",&*+,&.(*<+49&
^A7B_&?2,=",>*062&4"&20#*062&+0$"",&*+,&
.(*<+49&+0&)(+<$+031:&4#(1&6"04,+)(4+03&4"&
4#2&6">=",4&*0$&;2<<\)2+03&"=&4#2&
"66(?*041%&

Prereq.2!
80@+,"0>204*<&D")*66"&
->"K2^8D-_&/"04,"<&

D"&?,2@204&",&>+0+>+e2&25?"1(,2&"=&
)(+<$+03&"66(?*041:&+0$"",&1(,=*621&*0$&
@204+<*4+"0&*+,&$+14,+)(4+"0&19142>1&4"&
20@+,"0>204*<&4")*66"&1>"K2&^8D-_%&

Credit!1!
R(4$"",&7+,&G2<+@2,9&

!"0+4",+03&
D"&?,"@+$2&6*?*6+49&=",&@204+<*4+"0&19142>&
>"0+4",+03&4"&#2<?&?,">"42&"66(?*04&
6">=",4&*0$&;2<<\)2+03%&

Credit!2! A06,2*12$&H204+<*4+"0&
D"&?,"@+$2&*$$+4+"0*<&"(4$"",&*+,&
@204+<*4+"0&4"&+>?,"@2&+0$"",&*+,&.(*<+49&
^A7B_&*0$&?,">"42&"66(?*04&6">=",4:&;2<<\
)2+03&*0$&?,"$(64+@+49%&
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&& CREDITS! INTENT!

Credit!3.1!
/"014,(64+"0&A7B&

!*0*32>204&P<*0:&G(,+03&
/"014,(64+"0&

D"&,2$(62&+0$"",&*+,&.(*<+49&^A7B_&
?,")<2>1&,21(<4+03&=,">&6"014,(64+"0&",&
,20"@*4+"0&*0$&?,">"42&4#2&6">=",4&*0$&
;2<<\)2+03&"=&6"014,(64+"0&;",K2,1&*0$&
)(+<$+03&"66(?*041%&

Credit!3.2!
/"014,(64+"0&A7B&

!*0*32>204&P<*0:&E2=",2&
R66(?*069&

D"&,2$(62&+0$"",&*+,&.(*<+49&^A7B_&
?,")<2>1&,21(<4+03&=,">&6"014,(64+"0&",&
,20"@*4+"0&4"&?,">"42&4#2&6">=",4&*0$&
;2<<\)2+03&"=&6"014,(64+"0&;",K2,1&*0$&
)(+<$+03&"66(?*041%&

Credit!4.1!
F";&8>+44+03&!*42,+*<1&\&
7$#21+@21&Q&-2*<*041&

D"&,2$(62&4#2&.(*04+49&"=&+0$"",&*+,&
6"04*>+0*041&4#*4&+1&"$","(1:&+,,+4*4+03&
*0$k",&#*,>=(<&4"&4#2&6">=",4&*0$&;2<<\
)2+03&"=&+014*<<2,1&*0$&"66(?*041%&

Credit!4.2!
F";&8>+44+03&!*42,+*<1&\&

P*+041&Q&/"*4+031&

D"&,2$(62&4#2&.(*04+49&"=&+0$"",&*+,&
6"04*>+0*041&4#*4&*,2&"$","(1:&+,,+4*4+03&
*0$k",&#*,>=(<&4"&4#2&6">=",4&*0$&;2<<\
)2+03&"=&+014*<<2,1&*0$&"66(?*041%&

Credit!4.3!
F";&8>+44+03&!*42,+*<1&\&

L<"",+03&-9142>1&

D"&,2$(62&4#2&.(*04+49&"=&+0$"",&*+,&
6"04*>+0*041&4#*4&*,2&"$","(1:&+,,+4*4+03&
*0$k",&#*,>=(<&4"&4#2&6">=",4&*0$&;2<<\
)2+03&"=&+014*<<2,1&*0$&"66(?*041%&

Credit!4.4!
F";&8>+44+03&!*42,+*<1&\&
/">?"1+42&]""$&Q&
73,+=+)2,&P,"$(641&

D"&,2$(62&4#2&.(*04+49&"=&+0$"",&*+,&
6"04*>+0*041&4#*4&*,2&"$","(1:&+,,+4*4+03&
*0$k",&#*,>=(<&4"&4#2&6">=",4&*0$&;2<<\
)2+03&"=&+014*<<2,1&*0$&"66(?*041%&

Credit!5!
A0$"",&/#2>+6*<&Q&

P"<<(4*04&-"(,62&/"04,"<&
D"&>+0+>+e2&)(+<$+03&"66(?*04&25?"1(,2&4"&
?"4204+*<<9&#*e*,$"(1&?*,4+6(<*421&*0$&
6#2>+6*<&?"<<(4*041%&

Credit!6.1!
/"04,"<<*)+<+49&"=&-9142>1:&

F+3#4+03&

D"&?,"@+$2&*&#+3#&<2@2<&"=&<+3#4+03&19142>&
6"04,"<&)9&+0$+@+$(*<&"66(?*041&",&3,"(?1&
+0&>(<4+&"66(?*04&1?*621&^2%3%:&6<*11,"">1&
*0$&6"0=2,2062&*,2*1_&*0$&?,">"42&4#2+,&
?,"$(64+@+49:&6">=",4&*0$&;2<<\)2+03%&

Credit!6.2!
/"04,"<<*)+<+49&"=&-9142>1:&

D#2,>*<&/">=",4&

D"&?,"@+$2&*&#+3#&<2@2<&"=&4#2,>*<&6">=",4&
19142>&6"04,"<&)9&+0$+@+$(*<&"66(?*041&",&
3,"(?1&+0&>(<4+\"66(?*04&1?*621&^2%3%:&
6<*11,"">1&",&6"0=2,2062&*,2*1_&*0$&
?,">"42&4#2+,&?,"$(64+@+49:&6">=",4&*0$&
;2<<\)2+03%&
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!
!
!
!

!
!

CREDITS!

!
!

INTENT!

Credit!7.1! D#2,>*<&/">=",4:&G21+30&
D"&?,"@+$2&*&6">=",4*)<2&4#2,>*<&
20@+,"0>204&4#*4&?,">"421&"66(?*04&
?,"$(64+@+49&*0$&;2<<)2+03%&

Credit!7.2!
D#2,>*<&/">=",4:&
H2,+=+6*4+"0&

D"&?,"@+$2&=",&4#2&*11211>204&"=&)(+<$+03&
"66(?*041g&4#2,>*<&6">=",4&"@2,&4+>2%&

Credit!8.1! G*9<+3#4&Q&H+2;1&\&G*9<+3#4&

D"&?,"@+$2&=",&4#2&)(+<$+03&"66(?*041&;+4#&
*&6"00264+"0&)24;220&+0$"",&1?*621&*0$&
4#2&"(4$"",1&4#,"(3#&4#2&+04,"$(64+"0&"=&
$*9<+3#4&*0$&@+2;1&+04"&4#2&,23(<*,<9&
"66(?+2$&*,2*1&"=&4#2&)(+<$+03%&

Credit!8.2! G*9<+3#4&Q&H+2;1&\&H+2;1&
D"&?,"@+$2&)(+<$+03&"66(?*041&*&6"00264+"0&
4"&4#2&"(4$"",1&4#,"(3#&4#2&+04,"$(64+"0&"=&
$*9<+3#4&*0$&@+2;1&+04"&4#2&,23(<*,<9&
"66(?+2$&*,2*1&"=&4#2&)(+<$+03%&

&

D*)<2&N`&F88G&I%J&A8B&/,2$+41&^-"(,62`&F88G&Z/&T2=2,2062&a(+$2&OJJW_&

3.2!EXPLANATION!OF!MATRIX!

71& $+16(112$& +0& 4#2& ?,2@+"(1& 1264+"01:& 4#2& >*+0& ?(,?"12& "=& 4#+1& 14($9& ;*1& 4"&
*0*<9e2&4#2&EA!&4""<1g&6*?*)+<+49&4"&1(??<2>204&A8B&>*0*32>204& +0&4#2&$21+30:&
6"014,(64+"0&*0$&2@204(*<&<+=2696<2&"=&4#2&)(+<$+03%&&

L",&4#+1&?(,?"12:&+4&;*1&,2.(+,2$&4#*4&*&>*4,+5&)2&6,2*42$&4#*4&;"(<$&4*)(<*42&4#2&
A8B&?2,=",>*062&6,+42,+*&*3*+014&4#2&?,"6211&4#,"(3#&;#+6#&4#"12&6,+42,+*&;"(<$&
)2&2@*<(*42$&"0&*0$&4#2&EA!&4""<1&6*?*)+<+49&4"&4,*6K&4#"12&6,+42,+*%&

D#2& >*4,+5:& *44*6#2$& *1& 7??20$+5& E:& #*1& 2*6#& "=& +41& ,";1& ,2?,212042$& )9& 4#2&
F88G& A8B& 6,2$+41& ^A8B& ?2,=",>*062& 6,+42,+*& =",& "(,& 14($9_%& D#2& =+,14& 6"<(>0&
$+16(1121& 4#2& 2@*<(*4+"0& ?,"6211& "=& 4#2& 6,2$+4:& ;#+6#& +1& )*1+6*<<9& $2=+0+03& 4#2&
+04204&"=&4#2&6,2$+4&;#+<2&4#2&126"0$&6"<(>0&"=&4#2&>*4,+5:&t?"4204+*<&1(14*+0*)<2&
1"<(4+"0g& 2<(6+$*421&#";& 4#*4&?*,4+6(<*,& 6,2$+4&>+3#4&)2&*6#+2@2$&*0$&;#*4& 4#2&
3202,*<&,2.(+,2>2041&*,2%&D#+1&6"<(>0&+1&="<<";2$&)9&4#2&1?26+=+6&6,+42,+*&=",&4#2&
6">?<24+"0&"=& 4#2&6,2$+4j& +4&>204+"01& 4#2&6"$21&*0$&,23(<*4+"01& 4#*4&#*@2& 4"&)2&
6*42,2$&4"%&7-[T78&6"$21& =",>&*0& +>?",4*04&?*,4&"=& 4#2&A8B&,2.(+,2>2041&*0$&
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*,2&3202,*<<9&4#2&>+0+>(>&4#,21#"<$&=",&4#2&t1(14*+0*)+<+e*4+"0gN&"=&4#2&6,2$+4%&A4&
022$1&4"&)2&>204+"02$&#2,2&4#*4&4#2&?,+>*,9&1"(,62&"=&4#2&6"<(>01&t2@*<(*4+"0&
?,"6211g& *0$& t/,+42,+*& =",& /2,4+=+6*4+"0g& #*1& )220& 4#2& F88G&Z/&T2=2,2062&a(+$2&
OJJW& ;#+<2& 4#2& tP"4204+*<& -(14*+0*)<2& -"<(4+"0g& #*1& )220& $2,+@2$& =,">& 4#2&
T2=2,2062& a(+$2& *0$& +06<($21& *(4#",g1& +042,?,24*4+"01& +0& +4%& D#2& 0254& 6"<(>0:&
l4+<+49&"=&EA!&D""<1:&1?26+=+21&#";&4#2&6,2$+4&+0&.(214+"0&>+3#4&)2&*6#+2@2$&;+4#&
4#2& #2<?& "=& EA!& 4""<1%& %& D#2& EA!& K0";<2$32& +0& 4#+1& 6"<(>0&;*1& )*12$& "0& 4#2&
<+42,*4(,2&3*,02,2$&4#,"(3#&@*,+"(1&C"(,0*<1&Q&6"0=2,2062&?*?2,1&*0$&126"0$<9:&
4#2&*(4#",g1&?,+",&25?2,+2062&"=&(1+03&$+==2,204&EA!&4""<1&+0&4#2&=+2<$&&

L",& 25*>?<2:& /,2$+4& X%N:& t/"04,"<<*)+<+49& "=& -9142>1:& F+3#4+03g& ,2.(+,21& 4#*4&
<+3#4+03& 19142>1&6"04,"<<*)+<+49&)2& +0423,*42$& +04"& 4#2&"@2,*<<& <+3#4+03&$21+30&"=&
4#2& )(+<$+03& *0$& ?,"@+$+03& *>)+204& *0$& 4*1K& <+3#4+03%& L",& 4#+1& 6,2$+4& 4"& )2&
1*4+1=+2$:& +4& +1&>*0$*42$& 4#*4& 4#2& <+3#4+03& 6"04,"<1& )2& ?,"@+$2$& =",&>+0& WJh&"=&
)(+<$+03& "66(?*041& *0$& ?,"@+$2& <+3#4+03& 19142>& 6"04,"<<*)+<+49& =",& *<<& 1#*,2$&
>(<4+\"66(?*04&1?*621%&E*12$&"0&*(4#",g1&?,+",&25?2,+2062:&+4&#*1&)220&="(0$&"(4&
4#*4& 4#2& 6">)+0*4+"0& "=& T2@+4& 7,6#+4264(,2& *0$& 86"4264& 1"=4;*,2& #*1& 4#2&
6*?*)+<+49&4"&1+>(<*42&$*9<+3#4+03&"=&4#2&)(+<$+03&*0$&3+@2&*66(,*42&,21(<41&4"&4#2&
$21+302,&1"&4#*4&+0=",>2$&$26+1+"0&6*0&)2&>*$2&*)"(4&6#*03+03&4#2&$21+30&"=&4#2&
)(+<$+03:&+=&026211*,9%&&

-+>+<*,&*0*<91+1&#*1&)220&$"02&=",&4#2&"4#2,&6,2$+41&+0&4#2&>*4,+5&;#+6#&3+@21&(1&
*0&+$2*&"=&#";&EA!&4""<1&6",,2<*42&;+4#&4#2&A8B&6,2$+41&*0$&,2<2@*04&6"06<(1+"01&
6*0&)2&$,*;0&=,">&4#2&>*4,+5%&G(,+03&4#2&6"(,12&"=&4#2&?<"44+03&"=&4#2&>*4,+5:&4#2&
.(214+"0&"=&#";&>*09&"=& 4#2&*)"@2&>204+"02$& 6,2$+41& *64(*<<9& *,2&(12$& +0& 4#2&
$21+30:& 6"014,(64+"0& ",& <+=2696<2& ?#*12& "=& 4#2& )(+<$+03& 6*>2&(?%& D"& 6<*,+=9& 4#+1:&
*0"4#2,&4*)<2:&7??20$+5&/&;*1&$,*;0&(?&;#+6#&,2=<2641&4#2&?#*12&+0&;#+6#&4#212&
6,2$+41&=*<<&(0$2,%&D#2&)*1+1&=",&12<264+03&4#2&6,2$+4&?#*12&;*1&*3*+0:&4#2&F88G&Z/&
T2=2,2062&a(+$2&OJJW&*0$&4#2&*(4#",g1&*0*<91+1&"=&4#2&4"?+6%&7<1":&#";&EA!&4""<1&
6*0&)2&(12$&=",&4#2&=*6+<+4+21&>*0*32>204&+0&,2<*4+"0&4"&4#2&A8B&;*1&*0&+>?",4*04&
6"01+$2,*4+"0%&D#+1&#*1&)220&$+16(112$&+0&$24*+<&+0&4#2&0254&1264+"0%&
                                                 
1 The term ‘Sustainabilization’ has been coined by the author in order to stress upon the fact that the 
achievement of the LEED credit ultimately results in improving the sustainability of the building. In 
this case, meeting the requirements of ASHRAE codes, which act as a benchmark, is necessary for the 
achievement of the credit. 
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D#2&6,2*4+"0&*0$&*&1()12.(204&*0*<91+1&"=&4#2&>*4,+5&,21(<42$&+0&4#2&022$&=",&*&
>",2& 4#","(3#& +0@214+3*4+"0& "=& 4#212& 6,2$+41& *1& 4#2& *(4#",& ,2*<+e2$& 4#*4& 4#2&
>*4,+5:&4#"(3#&254201+@2&+0&+41&),2*K$";0:&+1&,214,+642$&4"&*&#+3#&<2@2<&"@2,@+2;&
"=&2*6#&"=&4#2&6,2$+41%&D#2&>*4,+5&3+@21&4#2&,2*$2,&*&=(0$*>204*<&+$2*&"=&;#*4&4#2&
,2.(+,2>2041&"=&2*6#&6,2$+4&*,2:&#";&4#29&6*0&)2&1*4+1=+2$:&*0$&4#2&)*1+6&(4+<+49&"=&
EA!&4""<1&+0&*6#+2@+03&"=&4#"12&6,2$+41%&

3.3!IN"DEPTH!ANALYSIS!

[";2@2,:& 4"&>*K2& 4#2& ,212*,6#&>",2&>2*0+03=(<:& 4;"& 6,2$+41& =,">& 4#2&>*4,+5&
;2,2& 6#"120& =",& *&>",2& $24*+<2$& *0*<91+1%& D#2& 4;"& 6,2$+41& 6#"120j& /,2$+4& I%N`&
/"014,(64+"0& A7B& !*0*32>204& P<*0\G(,+03& /"014,(64+"0& *0$& /,2$+4& I%O`&
/"014,(64+"0&A7B&!*0*32>204&P<*0\E2=",2&R66(?*069:&;2,2&25*>+02$&+0&$24*+<&
*<"03&;+4#&4#2+,&,2=2,2062&14*0$*,$1&4"&=+0$&"(4&#";&*0$&;#+6#&EA!&4""<&6"(<$&)2&
(4+<+e2$&4"&*6#+2@2&4#2&6,2$+4%&71&>204+"02$&)2=",2:&4#2&,2*1"0&=",&6#""1+03&4#212&
4;"&6,2$+41:&$21?+42&4#2>&)2+03&6"014,(64+"0&?#*12&6,2$+41:&;*1&4#2&=*64&4#*4&4#2&
*(4#",& ,2*<+e2$& 4#*4& @2,9& <+44<2& ,212*,6#&#*1&)220&$"02&"0& 4#212& 4;"& 6,2$+41& +0&
",$2,& 4"& 6",,2<*42& 4#2>& ;+4#& EA!& 4""<1%& R4#2,& A8B& $21+30& ?#*12& 6,2$+41& <+K2&
6,2$+41& S& Q& U& 6"(<$& #*@2& )220& 6#"120& =",& 4#2& 14($9& )(4& 4#2& =*64& 4#*4& *& <"4& "=&
)*6K3,"(0$& ,212*,6#& #*1& )220& $"02& +0& 4#2& ?*14& ;*1& *& >*C",& $242,,204& +0&
6#""1+03&4#2>%&L",&25*>?<2:& =",&6,2$+41&U%N&Q&U%O:&*=42,&1244+03&0*4(,*<&$*9<+3#4&
*0$& @+2;1& +0& $21+30:& *& EA!& >"$2<& 6*0& )2& (12$& ;+4#& *& @*,+249& "=& $*9<+3#4&
1+>(<*4+"0& 1"=4;*,2& ?*6K*321& <+K2& A8-& H+,4(*<& 80@+,"0>204& *>"03& "4#2,1&
^f,93+2<&Q&Z+21&OJJU:&-6#<(242,&Q&D#2112<+03&OJJW_%&

7<1":& =",& 4#2&?(,?"12&"=& 3244+03&*64(*<& 6,2$+4& +0=",>*4+"0& 4"& 6">?*,2& +4& 4"&EA!&
4""<1:& +0=",>*4+"0&=,">&Barack!Obama!Elementary!School,!!G&;*1&(12$&=",&4#+1&
1264+"0%& D#2& 16#""<:& 6(,,204<9& (0$2,& 6"014,(64+"0:& +1& )2+03& )(+<4& )9& Hess!
Construction+Engineering!Services&<"6*42$&+0&a*+4#2,1)(,3:&!G%&A4&+1&*<1"&022$1&4"&
)2& >204+"02$& 4#*4& 4#2& *(4#",& ;",K2$& "0& 4#+1& ?*,4+6(<*,& ?,"C264& $(,+03& #+1&
+042,01#+?& ;+4#& 4#2& 6">?*09& ;#+6#& ,21(<42$& +0& 2*19& *66211& 4"& 4#2& A7B&
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!*0*32>204&?<*01O&*0$&"4#2,&?,"C264&$*4*%&D#2&$+,264&")12,@*4+"0&"=&4#2&?,"C264&
"0&4#2&?*,4&"=&4#2&*(4#",&*<1"&>*$2&4#2&*0*<91+1&2*1+2,&*0$&>",2&4#","(3#%&

L(,4#2,&+0&4#+1&6#*?42,:&*=42,&4#2&A7B&?<*01&#*@2&)220&$+16(112$:&&*0&"@2,@+2;&"=&
-!7/Z7& 14*0$*,$1& #*1& )220& 3+@20& *<"03& ;+4#& 4#2& *& 1264+"0& "0& AL/& $*4*&
14,(64(,21&;#+6#& 4*<K1& *)"(4& 4#2&*??<+6*)+<+49&"=&EA!& 4""<1& +0&4#2&>*,K24& *<"03&
;+4#& 4#2& ?"4204+*<& "=& AL/& $*4*& 14,(64(,21& 4"& <+0K& ;+4#& 4#2& A8B& $*4*& *0$&
,2.(+,2>2041%& 7<1":& D#2& AL/& $*4*& 14,(64(,21& ;2,2& 14($+2$& ;+4#& ,21?264& 4"& 4#2&
$24*+<2$&*0*<91+1:&+%2%&&4#2&A8B&6,2$+41&I%N&Q&I%O%&&&

!

3.3.1!Construction!Indoor!Air!Quality!Plans!

D#2&/,2$+41& +0=",>*4+"0:& ,2?,"$(62$& =,">& 4#2&F88G&Z/&T2=2,2062&a(+$2&OJJW:&
#*1&)220&$216,+)2$&+0&$24*+<&)2<";&=",&4#2&?(,?"12&"=&)2442,&(0$2,14*0$+03&"=&4#2&
6,2$+41&

/,2$+4&I%N`&/"014,(64+"0&A7B&!*0*32>204&P<*0\G(,+03&/"014,(64+"0!

D#2&+04204&"=&4#+1&6,2$+4&+1&4"&,2$(62&+0$"",&*+,&.(*<+49&^A7B_&?,")<2>1&,21(<4+03&
=,">& 6"014,(64+"0& ",& ,20"@*4+"0& *0$& ?,">"42& 4#2& 6">=",4& *0$& ;2<<\)2+03& "=&
6"014,(64+"0& ;",K2,1& *0$& )(+<$+03& "66(?*041%& & 766",$+03& 4"& 4#2& F88G& Z/&
T2=2,2062& a(+$2& OJJW:& D#2& >*+0& ,2.(+,2>204& "=& *6#+2@+03& 4#+1& 6,2$+4& +1& 4"&
$2@2<"?& *0$& +>?<2>204& *0& A7B& >*0*32>204& ?<*0& =",& 4#2& 6"014,(64+"0& *0$&
?,2"66(?*069&?#*121&"=&4#2&)(+<$+03&*1&="<<";1`&

! G(,+03&6"014,(64+"0:&>224&",&25622$&4#2&,26">>20$2$&6"04,"<&>2*1(,21&
"=&4#2&-#224&!24*<&*0$&7+,&/"0$+4+"0+03&Z*4+"0*<&/"04,*64",1&711"6+*4+"0&
^-!7/Z7_& A7B& a(+$2<+021& L",& R66(?+2$& E(+<$+031& (0$2,& /"014,(64+"0:&
O0$&8$+4+"0&OJJS:&7Z-Ak&-!7/Z7&JJU\OJJU%&

                                                 
2 Hess Constructions’ IAQ Management Plans contain all the required documentation to achieve credits 
3.1 & 3.2. For the purpose of credit 3.2, recommendations for multiple paths have been attached as 
Appendices E &F. These recommendations do not imply that both the scenarios were used during the 
course of the project. 
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! P,"4264& 14",2$& "0\1+42& *0$& +014*<<2$& *)1",?4+@2&>*42,+*<1& =,">&>"+14(,2&
$*>*32%&

! A=& ?2,>*0204<9& +014*<<2$& *+,& #*0$<2,1& *,2& (12$& $(,+03& 6"014,(64+"0:&
=+<4,*4+"0&>2$+*&;+4#&*&>+0+>(>&2==+6+2069& ,2?",4+03&@*<(2& ^!8TH_&"=&U&
>(14&)2&(12$&*4&2*6#&,24(,0&*+,&3,+<<2:&*1&$242,>+02$&)9&7-[T78&-4*0$*,$&
MO%O\NWWW&^;+4#&2,,*4*&)(4&;+4#"(4&*$$20$*_%&T2?<*62&*<<&=+<4,*4+"0&>2$+*&
+>>2$+*42<9&?,+",&4"&"66(?*069%&

Analysis:! 70& 25*>?<2& "=& A7B& !*0*32>204& ?<*0& ^*44*6#2$& *1& 7??20$+5& G_& +1&
)2+03&(12$&4"&$2>"014,*42&4#2&,2.(+,2>2041&"=&4#+1&6,2$+4%&D#2&A7B&!*0*32>204&
?<*0& ;#+6#& ="<<";1& 4#2& -!7/Z7& 3(+$2<+021& ^25?<*+02$& +0& $24*+<& +0& 4#2& 0254&
1264+"0_& ?,+>*,+<9& $2*<1& ;+4#& 4#2& *,2*1& "=& 6"062,0& 4#*4& 4#2& 3202,*<& 6"04,*64",&
=*621&$(,+03&4#2&6"014,(64+"0&"=&4#2&)(+<$+03%&D#2&A7B&>*0*32>204&?<*0&+1&4#20&
$+14,+)(42$& 4"& 4#2&>*0*32>204&?2,1"002<&"=& *<<& 4#2& 6"062,02$& 14*K2#"<$2,1&"0&
4#2&?,"C264&*0$&2==",41&>*$2&4"&>224&4#2&3"*<1&>*0$*42$&+0&4#2&?<*0%&

/,2$+4&I%O`&/"014,(64+"0&A7B&!*0*32>204&P<*0\E2=",2&R66(?*069&

D#2&)*1+6& +04204&"=& 4#+1&6,2$+4& +1&1*>2&*1&/,2$+4&I%N%&D#2& +04204& +1& 4"&$2@2<"?&*0&
A7B&>*0*32>204&?<*0&*0$&+>?<2>204&+4&*=42,&*<<&=+0+1#21&#*@2&)220&+014*<<2$&*0$&
4#2&)(+<$+03&#*1&)220&6">?<242<9&6<2*02$&)2=",2&"66(?*069%&&

D#2&4;"&"?4+"01&*@*+<*)<2&4"&*6#+2@2&4#2&6,2$+4&*,2`&

RPDARZ&N`&L<(1#\R(4&

P*4#&N`&7=42,&6"014,(64+"0&20$1:&?,+",&4"&"66(?*069&*0$&;+4#&*<<&+042,+",&=+0+1#21&
+014*<<2$:& +014*<<& 02;& =+<4,*4+"0& >2$+*& *0$& ?2,=",>& *& )(+<$+03& =<(1#\"(4& )9&
1(??<9+03&*&4"4*<&*+,&@"<(>2&"=&NV:JJJ&6()+6&=224&"=&"(4$"",&*+,&?2,&1.(*,2&=""4&"=&
=<"",& *,2*& ;#+<2& >*+04*+0+03& *0& +042,0*<& 42>?2,*4(,2& "=& *4& <2*14& XJu& L& *0$&
,2<*4+@2&#(>+$+49&0"&#+3#2,&4#*0&XJh%&

RT&

P*4#& O`& A=& "66(?*069& +1& $21+,2$& ?,+",& 4"& 6">?<24+"0& "=& 4#2& =<(1#\"(4:& 4#2& 1?*62&
>*9&)2&"66(?+2$&="<<";+03&$2<+@2,9&"=&*&>+0+>(>&"=&I:MJJ&6()+6&=224&"=&"(4$"",&
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*+,&?2,&1.(*,2&=""4&"=&=<"",&*,2*%&R062&4#2&1?*62&+1&"66(?+2$:&+4&>(14&)2&@204+<*42$&
*4&*&>+0+>(>&,*42&"=&J%IJ&6()+6&=224&?2,&>+0(42&^6=>_&?2,&1.(*,2&=""4&"=&"(41+$2&
*+,& ",& 4#2& $21+30&>+0+>(>& "(41+$2& *+,& ,*42& $242,>+02$& +0& A8B& P,2,2.(+1+42& N`&
!+0+>(>&A0$"",&7+,&B(*<+49&P2,=",>*062:&;#+6#2@2,&+1&3,2*42,%&G(,+03&2*6#&$*9&
"=& 4#2& =<(1#\"(4& ?2,+"$:& @204+<*4+"0&>(14& )23+0& *&>+0+>(>& "=& I&#"(,1& ?,+",& 4"&
"66(?*069&*0$&6"04+0(2&$(,+03&"66(?*069%&D#212&6"0$+4+"01&>(14&)2&>*+04*+02$&
(04+<&*&4"4*<&"=&NV:JJJ&6()+6&=224&?2,&1.(*,2&=""4&"=&"(41+$2&*+,&#*1&)220&$2<+@2,2$&
4"&4#2&1?*62%&

RPDARZ&O`&7+,&D214+03&

/"0$(64& )*12<+02& A7B& 4214+03:& *=42,& 6"014,(64+"0& 20$1& *0$& ?,+",& 4"& "66(?*069:&
(1+03&4214+03&?,"4"6"<1&6"01+14204&;+4#&4#2&8P7&/">?20$+(>&"=&!24#"$1&=",&4#2&
G242,>+0*4+"0&"=&7+,&P"<<(4*041&+0&A0$"",&7+,&*0$&*1&*$$+4+"0*<<9&$24*+<2$&+0&4#2&
F88G&Z/&T2=2,2062&a(+$2&OJJW%&D*)<2&O&<+141&4#2&>*5+>(>&6"06204,*4+"01&"=&4#2&
6"04*>+0*041&4#*4&6*00"4&)2&25622$2$&+=&4#2&6,2$+4&#*1&4"&)2&*6#+2@2$%&

&

D*)<2&O`&F+14&"=&7+,&P"<<(4*041&^-"(,62`&F88G&Z/&T2=2,2062&a(+$2&OJJW_&

Analysis:& D#2&[211& A7B&!*0*32>204&P<*0& =",&/,2$+4&I%O&#*1&)220&$+@+$2$& +04"&
4;"& 12?*,*42& $"6(>2041& =",& 2+4#2,& "=& 4#2& 4;"& "?4+"01& ,2.(+,2$& )9& 4#2& 6,2$+4%&
R?4+"0&N:&*44*6#2$&*1&7??20$+5&8:& & &(121&6*<6(<*4+"01&4"&1#";&4#*4& 4#2&,2.(+,2$&
NV:JJJ&6(%=4&"=&"(4$"",&*+,&;"(<$&)2&1(??<+2$&?2,&1.(*,2& =""4&"=& 4#2& =<"",&*,2*%&&
D#2&?,2?*,*4",9&*0$&4#2&?,2\=<(1#&"(4&*64+@+4+21&*,2&*<1"&$2=+02$&K22?+03&+0&>+0$&
4#2&42>?2,*4(,2&*0$&4#2&#(>+$+49&,2*$+031%&D#2&&&7??20$+5&L&1#";1&4#2&?#*12$&
=<(1#&"(4&"=&4#2&)(+<$+03:&;#2,2&I:MJJ&6(%=4&;"(<$&)2&=<(1#2$&"(4&+0&4#2&=+,14&?#*12&
*0$&4#2&,2>*+0+03&NJ:MJJ&6(%=4&+0&VM&$*91&4+>2%&&D#2&6*<6(<*4+"01&*<1"&,2=<264&4#2&
$*91&4*K20&*0$&4#2&*+,&=<";&,*42&+=&4#2&=<(1#&"(4&+1&?2,=",>2$&*=42,&4#2&)(+<$+03&+1&
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"66(?+2$%& D#2& 4;"& *??20$+621& ?,21204& 4#2& ";02,1g& 6"0$+4+"0& 4"& [211& ;#+6#&
,2.(+,2$&4#2>&4"&1#";&)"4#&>24#"$1&;+4#&4#2&6*<6(<*4+"01%&A0&4#2&20$:&R?4+"0&N&
;*1& 6#"120& ;#+6#& ,2.(+,2$& *& 6">?<242& =<(1#\"(4& "=& 4#2& )(+<$+03& ?,+",& 4"&
"66(?*069%&

3.3.2!SMACNA!Standards!

-#224&!24*<&*0$&7+,&/"0$+4+"0+03&Z*4+"0*<&/"04,*64",1&711"6+*4+"0&^-!7/Z7_&+1&
*0&+042,0*4+"0*<&",3*0+e*4+"0&4#*4&$2@2<"?2$&3(+$2<+021&=",&>*+04*+0+03&#2*<4#=(<&
+0$"",& *+,& .(*<+49& $(,+03& $2>"<+4+"01:& ,20"@*4+"01:& *0$& 6"014,(64+"0%& D#2& =(<<&
$"6(>204& 6"@2,1& *+,& ?"<<(4*04& 1"(,621:& 6"04,"<& >2*1(,21:& A7B& ?,"6211&
>*0*32>204:&.(*<+49&6"04,"<&*0$&$"6(>204*4+"0:&+042,?2,1"0*<&6">>(0+6*4+"0:&
1*>?<2& ?,"C2641:& 4*)<21:& ,2=2,20621:& ,21"(,621:& *0$& 6#26K<+141& ^F88G& Z/&
T2=2,2062&a(+$2&OJJW_%&

766",$+03& 4"& 4#2& -!7/Z7& 14*0$*,$1:& +0& ",$2,& 4"& 6">?<242& 4#2& 6,2$+41:& 4#2&
6"014,(64+"0& A7B& >*0*32>204& ?<*0& 1#"(<$& )2& 6">?<242& )2=",2& 6"014,(64+"0&
)23+01%& D#2& ?<*0& 1#"(<$& +06<($2& *320$*& +42>1& 4"& )2& $+16(112$& ,23(<*,<9& *4&
?,26"014,(64+"0&*0$&6"014,(64+"0&>224+031&^-!7/Z7&A7B&a(+$2<+021&O0$&8$+4+"0&
OJJU_%&/"04+0(*<<9&2$(6*4+03&1()6"04,*64",1&*0$&=+2<$&?2,1"002<&*0$&3+@+03&4#2>&
4#2&?,"?2,&,21"(,621&^2%3%:&6"<<264+"0&)+01:&6<2*0+03&4""<1&*0$&>*42,+*<1_&,2+0=",62&
4#2& +>?",4*062& "=& ="<<";+03& 4#2& ?<*0g1& ?,"62$(,21& *0$& 206"(,*32& 4#2+,&
6">?<+*062& ^-!7/Z7& A7B& a(+$2<+021& O0$& 8$+4+"0& OJJU_%]#20& ?"11+)<2:& 4#2&
$21+30& 42*>& 1#"(<$& 12<264& *& >2>)2,& "=& 4#2& 6"04,*64",g1& 42*>& 4"& 12,@2& *1& 4#2&
+0$"",&*+,&.(*<+49&>*0*32,&*0$&4*K2&,21?"01+)+<+49&=",&+$204+=9+03&?,")<2>1&*0$&
+>?<2>204+03&1"<(4+"01&^-!7/Z7&A7B&a(+$2<+021&O0$&8$+4+"0&OJJU_%&71&$+16(112$&
?,2@+"(1<9:&4#2&-!7/Z7&14*0$*,$1&,26">>20$&6"04,"<&>2*1(,21&+0&M&*,2*1`&&

! [H7/&?,"4264+"0&

! -"(,62&6"04,"<&

! P*4#;*9&+042,,(?4+"0&&

! ["(12K22?+03:&*0$&&
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! -6#2$(<+03%&&

D#2& 7??20$+5& G& $+16(1121& 4#212& ;+4#& ,21?264& 4"& 4#2& 6"062,02$& ?,"C264:& *<"03&
;+4#&E*12<+02&A0$"",&7+,&B(*<+49&D214+03%&&&

3.3.3!IFC!Data!Structures!

7=42,&$+16(11+03&4#2&/"014,(64+"0&A7B&!*0*32>204&?<*01&+0&$24*+<:&4#2&0254&142?&
"=& 4#2& *0*<91+1& ;*1& 4"& +0@214+3*42& #";& 426#0"<"39:& ",& EA!& 4""<1& 4"& )2& >",2&
1?26+=+6:& *,2&*)<2& 4"&*+$& +0&",$2,& 4"&*66">?<+1#& 4#212& 6,2$+41%&!",2&)*6K3,"(0$&
,212*,6#&;*1&$"02& 4"& =+0$&"(4& 4#2&@*,+"(1& 426#0+.(21&)9&;#+6#& 4#2& 426#0"<"39&
;"(<$&)2&)202=+6204&4"&4#+1&1?26+=+6&6*12%&&

766",$+03& 4"&F"#&24& *<%& ^OJJS_:&$+==2,204&EA!&1"=4;*,2&#*@2&)220&*0*<9e2$&*0$&
<+0K2$& ;+4#& A8B& +0& 4#2& ?*14%& D#2& >*C",& 1"=4;*,2& ;#+6#& 6">2& 6<"1214& 4"&
20@+,"0>204*<& *0$& )(+<$+03& <+=2& 696<2& 1+>(<*4+"0& #*@2& )220& ,2@+2;2$& *0$&
6">?*,2$& +0& D*)<2& I%& D#2& 4*)<2& )2<";& 1#";1& 4#2& 1"=4;*,2& $216,+?4+"0:& 4#2+,&
=2*4(,2:&*0$&3*?1&*>"03&*<<&4#2&1"=4;*,2%&

&

D*)<2&I`&/">?*,+1"0&"=&EA!&-"=4;*,2&^-"(,62`&F"#&24&*<&OJJS_&
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[";2@2,:&4#212&1"=4;*,2&*<1"&=*<<&1#",4&"=&6">?<242&A8B&*0*<91+1:&>"14<9&)26*(12&
"=& 4#2& <"11& "=& +0=",>*4+"0& *0$& +0*66(,*69& "=& $*4*& *6,"11& 4#2& <+=2696<2& "=& 4#2&
)(+<$+03%&766",$+03&4"&F"#&*4&*<%:&*&6">?<242&80@+,"0>204*<& A>?*64&711211>204&
^8A7_& ,21(<4& #*1& 1220& *& ?"4204+*<& 4"& <+0K& 4#2& )(+<$+03& A8B& $*4*& 4"& 4#2& A0$(14,9&
L"(0$*4+"0&/<*1121&^AL/_&IG&>"$2<%&D#2&+$2*&"=&(1+03&4#2&AL/&IG&>"$2<&+0&IG\8A7&
+1& 4"& 1#*,2& 4#2& AL/& 14*0$*,$& +0& 4#2& /7G& ?<*4=",>& ;+4#& "4#2,& $21+30& *0$&
6"014,(64+"0& 42*>& >2>)2,1:& *<1"& =*14& 4,*6K& 4#2& 20@+,"0>204*<& +>?*64& =,">& *&
?,"C264& +0& *0& 2*1+2,& ;*9& )9& *$$+03& *44,+)(421& +0& 4#2& )(+<$+03& 6">?"02041& 4"&
20*)<2& $21+30& *0$& *0*<91+1& "=& 4#2& ?,"C264& +0& "02& 1#"4& ^F"#& 24& *<%& OJJS_%& L",&
+014*062:& *0& AL/& ;*<<& *0$& AL/& $"",& ;+4#& *44,+)(42& +0?(4& "=& /RO& 2>+11+"0& 6*0&
6*<6(<*42&2*1+<9&;+4#"(4&$"+03&*&12?*,*42&124&"=&>*42,+*<&+0?(4&=",&/RO&2>+11+"0&
*1&+0&(1(*<&IG&19142>%&&

-+>+<*,<9:& AL/& $*4*& 14,(64(,21& 6*0& )2& (12$& =",& 4#2& ?(,?"12& "=& *6#+2@+03& 6,2$+41&
A8B&I%N&Q&I%O:&$+16(112$&+0&4#2&?,2@+"(1&1264+"0%&71&>204+"02$&+0&7??20$+5&G:&"02&
"=& 4#2& ,2.(+,2>2041& "=& -!7/Z7& 14*0$*,$1& +1& 4"& *6#+2@2& -"(,62& /"04,"<& "=& 4#2&
?,"$(641&2>?<"92$&+0&4#2&)(+<$+03%&]+4#&4#2&(12&"=&*&IG&>"$2<&)(+<4&+0&T2@+4&*0$&
?,"?2,&>*42,+*<&*44,+)(421&*44*6#2$&4"&+4:&4#2&>"$2<&6*0&4#20&)2&4*K20&+04"&-"<+),+&
!"$2<&/#26K2,&4"&6#26K&=",&4#2&HR/&6"042041&"=&4#"12&2<2>2041%&A0&4#2&1*>2&;*9:&
*0"4#2,&-!7/Z7&,2.(+,2>204&=",&4#2&6,2$+4:&-6#2$(<+03:&6*0&)2&")4*+02$&2*1+<9&
=,">&4#2&>"$2<&*1&;2&6*0&16#2$(<2&#+3#&?"<<(4+"0&*64+@+4+21&4#*4&(4+<+e2&#+3#&HR/&
<2@2<&?,"$(641&4"&4*K2&?<*62&?,+",&4"&+014*<<+03&#+3#<9&*)1",)204&>*42,+*<1%&&

7<1":& 4#2&@"<(>2&"=&*+,& ,2.(+,2$& 4"&)2&(4+<+e2$&$(,+03& 4#2&E(+<$+03&L<(1#\"(4& 4"&
*6#+2@2&6,2$+4&I%O^>204+"02$&+0&7??20$+621&G&Q&8_:&6*0&)2&")4*+02$&2*1+<9&=,">&
4#2&IG&>"$2<%&7&6">?<242&T2@+4&>"$2<&;"(<$&)2&<+0K2$&4"&4#2&>"0+4",+03&1201",1&
;#+6#&;"(<$&)2&(12$&=",&4,*01=2,,+03&4#2&+0=",>*4+"0&4"&4#2&>"$2<:&;#+6#&4#20&
K22?1&4,*6K&"=&4#2&@"<(>2&"=&*+,& =<(1#2$%&7<1":&)(+<$+03&*,2*&6*<6(<*4+"01&6*0&)2&
?2,=",>2$&=*142,&*0$&>",2&*66(,*42<9&;+4#&4#2&#2<?&"=&*&EA!&>"$2<%&&&

R02& "4#2,& 6#*,*642,+14+6:& 0"4& >204+"02$& +0& 4#2& /"014,(64+"0& A7B& ?<*01:& +1& 4#2&
R?4+"0& O& +0& /,2$+4& I%O%& D#2& D*)<2& O& "0& P*32& OS& 1#";1& 4#2& >*5+>(>&
6"06204,*4+"01&"=&4#2&6"04*>+0*041&4#*4&6*00"4&)2&25622$2$&+=&4#2&6,2$+4&#*1&4"&
)2& *6#+2@2$%& ]#+<2& 4#2& 6,2$+4& I%O& ,2.(+,21& 4#*4& 4#2& 6"04*>+0*041& 022$& 4"& )2&
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6#26K2$&=",&*&1?26+=+2$&1*>?<2&?2,+"$:& +4& +1&#2,2&4#2&EA!&>"$2<&6*0&)2&2==+6+204&
"@2,&4#2&<+=2696<2&"=&4#2&)(+<$+03:&*1&4#2&.(*04+49&"=&4#2&>*42,+*<1&6*0&)2&=2$&+04"&
4#2&19142>&*0$&4#2&>"$2<&;+<<&)2&*)<2&4"&254,*64&4#2&+0=",>*4+"0&"=&HR/&6"04204&
2>+442$& )9& 4#2& >*42,+*<1:& ;#+6#& +0& 4(,0& ;"(<$& $242,>+02& 4#2& "@2,*<<&
?2,=",>*062&"=&4#2&)(+<$+03%&

3.4!FINDINGS!

A4&#*1&)220&,2=<2642$&=,">&4#2&)*6K3,"(0$&14($9:&4#2&=",>*4+"0&"=&4#2&>*4,+5&*0$&
4#2&$24*+<2$&*0*<91+1&4#*4&EA!:&)"4#&*1&*& 426#0"<"39&*0$&*&>24#"$"<"39:&6*0&)2&
+>>2012<9&(12=(<&;#+<2&)2+03&(4+<+e2$& =",& 4#2&>*+0420*062&"=& 4#2&)(+<$+03&"@2,&
+41& 204+,2& <+=2696<2%& EA!& 4""<1& ;+4#& 4#2& *)+<+49& "=& +0=",>*4+"0&>*0*32>204& *0$&
+042<<+3204&>"$2<+03&6*?*6+49&6*0&#2<?&>*0*32&+0$"",&*+,&.(*<+49&)2442,&4#*0&+4&+1&
,+3#4&0";%&

R02& 25*>?<2& 6"(<$& )2& 4#*4& 4#2& *+,& 6"04*>+0*041& +0& 4#2& )(+<$+03& =,">& 4#2&
>*42,+*<1& *0$&?2"?<2& *<+K2:&;#+6#& *,2&>+4+3*42$&)9& 4#2& 6",,264&(12&"=& 1"=4;*,2&
426#0"<"39&*0$&*&6">?<242&EA!&>"$2<%&]2&K0";&4#*4&/RO&1201",1&*,2&6(,,204<9&
(12$&4"&>"0+4",&42>?2,*4(,2&*0$&#(>+$+49&*?*,4&=,">&*+,&.(*<+49&*0$&4#2&(12&"=&
/LG1&6"(<$&)2&)2442,&>*0*32$&)9& <+0K+03&4#2&>"$2<& 4"&4#2& +0=",>*4+"0&$2,+@2$&
"(4&"=&+4%&D#2&+>?*64&"=&4#+1&;"(<$&)2&4#*4&4#2&EA!&>"$2<&;"(<$&*64&*1&*&$*4*)*12&
"=& +0=",>*4+"0& *0$& +4& 6"(<$& )2& 2*1+<9& *66211+)<2& 4"& 4#2& =*6+<+49&>*0*32,1& "=& 4#2&
)(+<$+03%& A0&>*09& 02;& )(+<$+031:& 4#2& 2>+11+"01& "=& @"<*4+<2& ",3*0+6& 6">?"(0$1&
^HR/1_&=,">&)(+<$+03&>*42,+*<1:&=(,0+4(,2&*0$&2.(+?>204&>*9&+>?*64&+0$"",&*+,&
.(*<+49:&;#+6#&420$1&4"&6*(12&3202,*<&19>?4">1:&1(6#&*1&#2*$*6#2j&292:&0"12:&",&
4#,"*4& +,,+4*4+"01j& $,9& 6"(3#& *0$& 4+,2$0211%& -+062& HR/1& 2>+442$& )9& )(+<$+03&
>*42,+*<1&*,2&,26"30+e2$&*1&>*C",&?,")<2>1&*==264+03&#(>*0&6">=",4:&#2*<4#&*0$&
?,"$(64+@+49&^["039(&*0$&L*,+)",e&OJJO_:&+4&+1&026211*,9&4"&K0";&4#2+,&2>+11+"0&
6#*,*642,+14+61%&&

]#20& 4214+03& >*42,+*<1& =",& 2>+11+"0& "=& 6#2>+6*<1:& HR/1& >*9& )2& (12$& =",&
6*423",+e+03&",&16,220+03&4#2&>*42,+*<1%&Z"&#2*<4#&",&6">=",4&2@*<(*4+"0&6*0&)2&
>*$2&)*12$&"0&2>+11+"0&,*421%&T*4#2,:&#2*<4#&*0$&6">=",4&2@*<(*4+"01&>(14&)2&
)*12$&"0&25?"1(,2& 4"&6"06204,*4+"01& +0&*&3+@20&1?*62%& A0&",$2,&4"&6*<6(<*42& 4#2&
142*$9\14*42&6"06204,*4+"01&+0&*&3+@20&1?*62:&4#2&*>"(04&"=&4#2&1"(,62&^>*42,+*<_&
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*0$&4#2&.(*04+49&*0$&.(*<+49&"=&4#2&1(??<9&*+,&4"&4#2&1?*62&^@204+<*4+"0_&>(14&)2&
K0";0& +0& *$$+4+"0& 4"& 4#2& 2>+11+"0& ,*42& ",& =*64",I%& L",& 4#2& 1+>?<+=+6*4+"0& "=&
(0$2,14*0$+03:&4#2&*(4#",&#*1&*11(>2$&*&142*$9&2>+11+"0&,*42%&A4&+1&#2,2&4#2&EA!&
>"$2<&6*0&)2&2==+6+204&*1&4#2&.(*04+49&"=&4#2&>*42,+*<1&6*0&)2&=2$&+04"&4#2&19142>&
*0$&4#2&>"$2<&;+<<&)2&*)<2&4"&254,*64&4#2&+0=",>*4+"0&"=&HR/&6"04204&2>+442$&)9&
4#2&>*42,+*<1&"@2,& 4#2& <+=2696<2&"=& 4#2&)(+<$+03:&;#+6#& +0& 4(,0&;"(<$&$242,>+02&
4#2&"@2,*<<&?2,=",>*062&"=&4#2&)(+<$+03%&

T2=2,,+03&4"&4#2&A7B&>*0*32>204&?<*01:&EA!&*(4#",+03&1"=4;*,2&1(6#&*1&T2@+4&+0&
6"0C(064+"0& ;+4#& @*<+$*4+"0& 4""<1& <+K2& -"<+),+& !"$2<& /#26K2,& 6*0& +>?,"@2& 4#2&
2==+6+2069& "=& 4#2& ?,"6211& *0$& 4#2& )(+<$+03& +0& 4#2& <"03& ,(0%& A4& +1& +>?",4*04& 4"&
>204+"0&#2,2&4#*4&4#2&(12&"=&4#2&1"=4;*,2&6*0&#*@2&*&>",2&$+,264&+>?*64&"0&4#2&
"4#2,& F88G& A8B& 6,+42,+*%& 70& 25*>?<2& "=& 4#+1& +1& 6,2$+4& X%N`& /"04,"<<*)+<+49& "=&
-9142>1:& F+3#4+03& ;#2,2& 4#2& (12& "=& 1+>(<*4+"0& 1"=4;*,2& 6*0& #2<?& *6#+2@2& 4#2&
6,2$+4&2*1+<9%&&

CREDITS&
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REQUIREMENTS&
SPECIFIC!BIM!SOLUTION&

/,&I%N&
-"(,62&/"04,"<&"=&4#2&?,"$(641&

2>?<"92$&
!*42,+*<&*44,+)(421&*44*6#2$&4"&T2@+4&!"$2<&Q&

6#26K2$&+0&-"<+),+&!"$2<&/#26K2,&

/,&I%N& -6#2$(<+03&
]+4#&4#2&#2<?&"=&*&6">?<242&IG&>"$2<:&16#2$(<2&
#+3#&?"<<(4+"0&*64+@+4+21&;+4#&>*42,+*<1&;+4#&#+3#&

HR/&6"04204&?,+",&4"&&*)1",)204&>*42,+*<1&

/,&I%O& E(+<$+03&L<(1#\R(4&
E(+<$+03&7,2*&6*<6(<*4+"01&")4*+02$&=,">&T2@+4&

!"$2<&=",&4#2&@"<(>2&"=&*+,&=<(1#2$&"(4&

/,&I%O& 7+,&D214+03&=",&/"04*>+0*041
7&6">?<242&T2@+4&!"$2<&$242,>+021&4#2&.(*04+49&
"=&>*42,+*<1&;#"12&HR/&6"04204&6*0&)2&="(0$&"(4&
=,">&*??<+6*4+"01&1(6#&*1&4#2&!"$2<&/#26K2,&

D*)<2&V`&EA!&-"<(4+"01&4"&/"014,(64+"0&A7B&P<*0&T2.(+,2>2041&

                                                 
3 Emission rates are affected by a variety of factors such as humidity, temperature and nature of 
ventilations among other things. Different materials respond differently to these factors and therefore, 
have different emission rates. Also, a steady emission rate has been assumed in this study while 
emission rates can vary with time. Usually, Emission rates are inversely proportional to the passage of 
time. 
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D*)<2&V&1#";1&#";&1">2&"=&4#2&,2.(+,2>2041&"=&6,2$+41&I%N&Q&I%O`&/"014,(64+"0&
A7B&?<*01&6*0&)2&1*4+1=+2$&(1+03&1?26+=+6&EA!&1"<(4+"01%&L",&25*>?<2:&"02&"=&4#2&
K29&-!7/Z7&6"0$+4+"01&=",&4#2&1*4+1=*64+"0&"=&6,2$+4&I%N:&t-"(,62&6"04,"<g&6*0&)2&
6#26K2$&=",&+0&*&)2442,&>*002,&)9&*44*6#+03&>*42,+*<&*44,+)(421&4"&4#2&?,"$(641&
2>?<"92$&+0&*&T2@+4&>"$2<&*0$&=(,4#2,&6#26K2$&=",&HR/&6"04204&+0&-"<+),+&!"$2<&
/#26K2,%& & D#+1& 4*)<2& 3+@21& (1& *0& (0$2,14*0$+03& "=& #";& $+==2,204& 49?21& "=& EA!&
4""<1&6*0&1*4+1=9&$+==2,204&0*4(,2&"=&,2.(+,2>2041&"=&4#2&*)"@2&>204+"02$&6,2$+41%&

7<1":&?,+",&,212*,6#&1#";&4#*4&4#2&6"06204,*4+"0&"=&*09&?"<<(4*04&+0&*&1?*62&+1&*&
)*<*062&)24;220&4#2&024&2>+11+"0&+0&4#2&1?*62&*0$&;#*4&+1&,2>"@2$&*0$&1(??<+2$&
)9& 4#2&@204+<*4+"0&^E2,3<(0$&24&*<%&NWWS_%& A=&#+3#&HR/&6"06204,*4+"01&"66(,& +0&*&
)(+<$+03:&4#+1&>*9&2+4#2,&+0$+6*42&4#*4&4#2,2&*,2&14,"03&+0$"",&",&"(4$"",&1"(,621&
",:& +=& 4#+1& +1& 0"4& 4#2& 6*12:& 4#*4& 3202,*<& ",& <"6*<& @204+<*4+"0& +1& +0*$2.(*42%& A0& 4#2&
=+,14& 6*12:& 1"(,62& 6"04,"<& >2*1(,21& 1#"(<$& )2& 4*K20%& A0& 4#2& 126"0$& 6*12& ",& +=&
1"(,62&6"04,"<&6*00"4&)2&*??<+2$:&@204+<*4+"0&#*1&4"&)2&+>?,"@2$%&]+4#&4#2&#2<?&
"=& 4#2& EA!& >"$2<:& 4#2& $21+302,& ;"(<$& )2& *)<2& 4"& 6#26K& =",& 4#2& @204+<*4+"0&
,2.(+,2>2041& +0& 4#2& )(+<$+03%& [2062:& 4#2& (4+<+4+21& "=& EA!& 6*00"4& )2&
(0$2,214+>*42$& ;#20& 4*K+03& +04"& *66"(04& 4#2& A0$"",& 80@+,"0>204*<& B(*<+49&
>*0*32>204&"=&4#2&)(+<$+03&",&*&=*6+<+49%&&
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&

!
4.1!CONCLUSIONS!

D#2&<+42,*4(,2&,2@+2;&*0$&4#2&=",>*4+"0&"=&>*4,+5&,2=<264&4#*4&4#2,2&*,2&3*?1& +0&
4#2& 6(,,204&EA!& 426#0"<"39& 4#*4&022$& 4"& )2& *$$,2112$& +0& ",$2,& 4"& 1(66211=(<<9&
+>?<2>204&A8B&?2,=",>*062&>2*1(,21&*6,"11&4#2&<+=2696<2&"=&4#2&)(+<$+03%&8==",41&
1(6#&*1&6">?*4+)+<+49&"=&$+==2,204&EA!&4""<1&;+4#&A8B&*0*<91+1&>24#"$1&^1(6#&*1&
)2442,&>*0*32>204&"=&/LG1&)9&14",+03& 4#2& +0=",>*4+"0&$2,+@2$& =,">& +4& +0&*&IG&
20@+,"0>204_&*0$&",3*0+e*4+"0&"=&AL/&$*4*&14,(64(,21&*,2&)2+03&$"02&4#212&$*91&
4"& +06",?",*42& 4#212&>2*1(,21& +0& 4#2& EA!& 4""<1& )(4& 62,4*+0& *,2*1& <+K2& 4,*6K+03&
HR/&6"04204&+0&4#2&)(+<$+03&>*42,+*<1&*0$&#*e*,$"(1&3*12"(1&1()14*0621&*,2&14+<<&
4"&)2&+0423,*42$&+0&4#2&4""<1%&

D#,"(3#& 4#2& 6"(,12& "=& 4#+1& 14($9:& 4#2& *(4#",& #*1& *01;2,2$& 4#2& ,212*,6#&
.(214+"01&=",>(<*42$&*4&4#2&14*,4&"=&4#2&,212*,6#%&A0&4#2&>*4,+5:&*(4#",&#*1&<+142$&
#";&4#2&1?26+=+2$& A8B&?2,=",>*062&>2*1(,21&6*0&)2&>"0+4",2$&(1+03&$+==2,204&
EA!&?<*4=",>1%&D#2&126"0$&,212*,6#&.(214+"0&;*1&*01;2,2$&4#,"(3#&4#2&$24*+<2$&
+0@214+3*4+"0:& ;#2,2& 4#2& 4""<1& ;2,2& >204+"02$& *0$& #";& 4#29& *+$& +0& 4#2&
*6#+2@2>204& "=& 4#2& 6,2$+4& ;*1& 25?<*+02$%& A4& 022$1& 4"& 0"42$:& #";2@2,:& 4#*4& *&
$24*+<2$& *0*<91+1& "=& >",2& 0(>)2,& "=& 6,2$+41& ;"(<$& #*@2& 3+@20& 4#2& *(4#",& *&
=(,4#2,&(0$2,14*0$+03&"=&4#2&*??<+6*)+<+49&"=&EA!&4""<1%&

D#2& <"03& 42,>& )202=+41& "=& +06",?",*4+"0& "=& 4#212& 4""<1& ;"(<$& *==264& *<<& 4#2&
14*K2#"<$2,1& *11"6+*42$&;+4#& 4#2& =*6+<+49%& A4&;"(<$&?,"@+$2& *0& 2*19&;*9& =",& 4#2&
*,6#+42641& *0$& 4#2& 203+022,1& 4"& 25*>+02& *<42,0*4+@2& $21+30& 14,*423+21& *1& 4#29&
;"(<$&)2&*)<2& 4"&6">?*,2& 4#2&2==+6+2069&"=&$21+30&1"<(4+"01&"0&4#2&)*1+1&"=& 4#2&
1*4+1=*64+"0& "=& A8B& ?2,=",>*062& >2*1(,21%& D#+1& ;"(<$& *<1"& ,21(<4& +0& 4#2&
*,6#+42641& *0$& 203+022,1& 4"& *6#+2@2& #+3#2,& "?2,*4+"0*<& 2==+6+2069& +0& 42,>1& "=&
)(+<$+03&?2,=",>*062&*0$&,2$(62$&6"14&"=&>*+0420*062&"@2,&4#2&<+=2696<2&"=&4#2&
)(+<$+03%&

71& =*,& *1& 4#2& "4#2,& 14*K2#"<$2,1& *,2& 6"062,02$:& 4#2& ";02,1& *0$& 4#2& 2@204(*<&
"66(?*041&"=& 4#2&)(+<$+03&;"(<$&)202=+4& =+0*06+*<<9&)26*(12&"=&4#2& <";2,&$21+30&

CHAPTER!4:!FINAL!RESULTS



 

        VV ii rr gg ii nn ii aa   PP oo ll yy tt ee cc hh nn ii cc   AA nn dd   SS tt aa tt ee   UU nn ii vv ee rr ss ii tt yy    39 

+04,(1+"01& *0$& <2112,& 0(>)2,& "=& 6#*032& ",$2,1& $(,+03& 4#2& 6"014,(64+"0& "=& 4#2&
?,"C264%& 7<1":& +4& ;"(<$& *6#+2@2& *& >*C",& >+<214"02& "=& +06,2*1+03& *;*,20211&
*>"0314&>*C",&14*K2#"<$2,1&=",&?"4204+*<&(12&"=&EA!&"0&*&P,"C264&4"&20#*062&4#2&
A8B&>*0*32>204%&

E"4#&4#2&#9?"4#21+1&=",>2$&*4&4#2&20$&"=&4#2&<+42,*4(,2&,2@+2;&;*1&1(??",42$&)9&
4#2&$24*+<2$&+0@214+3*4+"0&<*42,&+0&4#2&14($9&*1&4#2&6,2*4+"0&"=&4#2&>*4,+5&1#";2$&
4#*4&1">2&"=&4#2&A8B&P2,=",>*062&6,+42,+*&*,2&0"4&*??<+6*)<2&4"&EA!&4""<1&;#+<2&
4#2&126"0$&#9?"4#21+1&;*1&25*>+02$&*0$&1(??",42$&;#20&4#2&(4+<+49&"=&1?26+=+6&
EA!&4""<1&;*1&="(0$&=",&4#2&,2.(+,2>2041&"=&A8B&6,2$+41&I%N&Q&I%O%&

A0& 4#2& 20$:& 4#+1& ,212*,6#&#"?21& 4"&#*@2& *66">?<+1#2$& 4#2& 4*1K&"=& *11211+03& 4#2&
022$&"=&EA!&4""<1&4"&+>?,"@2&A8B&>*0*32>204&"=&4#2&)(+<$+03%&D#2&*(4#",&#"?21&
4#*4& 4#+1& ,212*,6#& 6*0& )2& 4*K20& =",;*,$& *0$& (4+<+e2$& 4"& #2<?& 4#2& 6(,,204& EA!&
426#0"<"39&+>?,"@2&+0&42,>1&"=&+06",?",*4+03&A8B&4""<1&*0$&>*K+03&4#2&)(+<$+03&
>",2&1(14*+0*)<2&"@2,&+41&<+=2696<2%&&
&
4.2!LIMITATIONS!

D#2&>*+0& <+>+4*4+"0& "=& 4#+1& ,212*,6#&;*1& 4#*4& *& 1"=4;*,2& ,2@+2;&;*1&0"4& $"02&
1?26+=+6*<<9& =",& 4#2& ?(,?"12& "=& 4#+1& ,212*,6#%& D#2& *0*<91+1& ;*1& )*12$& "0& 4#2&
*(4#",g1&?,+",&25?2,+2062&;+4#&4#2&1"=4;*,2&*0$&<+42,*4(,2&,2@+2;%&&7<1":&1+062&*0&
+0\$2?4#& *0*<91+1& ;*1& 6*,,+2$& "(4& =",& "0<9& 4;"& "=& 4#2& A8B& 6,2$+41:& +4& $+$& 0"4&
?,21204& *1& *66(,*42& *0& *0*<91+1& *1& *& 6">?<242& $24*+<2$& *0*<91+1& ;"(<$& #*@2&
?,"@+$2$%&D#+1&*0*<91+1&;"(<$&#*@2&3+@20&4#2&,2*$2,&*&6">?<242&(0$2,14*0$+03&"=&
4#2&25*64&,2.(+,2>2041&"=&2*6#&6,2$+4&*0$&*&?"4204+*<&EA!&1"<(4+"0&=",&+4%&&
&
4.3!SUGGESTIONS!FOR!FUTURE!RESEARCH!

D#2&+0423,*4+"0&"=&4#2&EA!&*0$&A8B&$21+30&1"<(4+"01&;+<<&?,"@+$2&*0&2*19&;*9&=",&
*,6#+42641& *0$& 203+022,1& 4"& 25*>+02& 4#2& +>?<+6*4+"01& "=& *<42,0*4+@2& $21+30&
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Appendix!A:!BIM!Tools!Experience!
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Appendix!B:!IEQ!Performance!Criteria!Mapping!
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* A P P R O V E D  R E C O R D  C O P Y *  
 
Project 
Barack Obama Elementary School 
(a.k.a. Sub-Region VI Elementary School) 
12700 Brooke Lane 
Upper Marlboro, Maryland 20772 
 

Owner 
Prince George’s County Public Schools 
13300 Old Marlboro Pike 
Upper Marlboro, Maryland 20772 

General Contractor 
Hess Construction + Engineering Services 
804 West Diamond Avenue, Suite 300 
Gaithersburg, Maryland  20878 
Ph: 301-670-9000 
Fx: 301-670-9009 

Architect 
Grimm + Parker Architects 
11720 Beltsville Drive, Suite 600 
Calverton, Maryland 20705 
Ph: 301-595-1000 
Fx: 301-595-0089 

 
SECTION I.     INTRODUCTION   
 
This plan, in association with Specification Sections 01150 and 01450 of the Contract Documents and 
the LEEDTM-NC v2.2 Reference Guide, constitutes as the Construction Indoor Air Quality Plan for the 
Sub-Region VI Elementary School project. This plan describes the measures to be taken to provide good 
indoor air quality during construction and after construction is complete.  
 
It is not the intent of this plan to replace or supersede any OSHA regulations as to safe construction 
workplace practices. It remains the responsibility of the General Contractor and the individual 
Contractors to maintain safe building and site operations. Additional precautions may be necessary when 
hazardous materials are present.  
 
This plan will address construction indoor air quality by recommending procedures in six areas of 
concern, which in turn will allow the building to achieve the appropriate LEEDTM program credits: 

! HVAC Protection 
! Source Control 
! Pathway Interruption 
! Housekeeping 
! Scheduling 
! Baseline Indoor Air Quality Testing 

zubair
55

zubair




 
 

 
Construction Indoor Air Quality Plan- APPROVED RECORD COPY Page 2 of 8 
 
804 West Diamond Avenue, Suite 300, Gaithersburg, MD 20878        P 301.670.9000 / F 9009      W hessconstruction.com 
 

2201 A. Presstman Street, Baltimore, MD 21216      P 410-523-2072 / F 2076 
 

 
SECTION II.     CONCERNS AND CONTROLS  
 
Outlined below is a detailed review of the five areas of concern and control measures to be performed in 
each area of concern. 
 
A. HVAC System Protection 
 
All HVAC equipment must be protected from collecting not only dust, but odors which can embed 
within the porous materials in the system and later be released. 

 
1. During construction, filters (minimum of MERV 8) are to be installed for supply air intake and 

return air system openings when the HVAC system is in use. Frequent maintenance and filter 
replacement is to be performed. Filters are to be replaced as they become loaded, maximum 
every two weeks, prior to building flush-out, and prior to occupancy. 

 
2. When performing construction activities that produce dust such as drywall sanding, concrete 

cutting, masonry work, wood sawing, or insulating, seal off the supply diffusers and return air 
system openings completely for the duration of the task. 

 
3. Shut down and seal off the supply diffusers and return air ducts during any demolition 

operations. 
 

4. Whenever the HVAC system is not used during construction, seal off the supply diffusers and 
return air system openings to prevent the accumulation of dust and debris in the duct system. 

 
5. Provide periodic duct inspections during construction. If the ducts become contaminated due to 

inadequate protection, clean the ducts professionally in accordance with the SMACNA (Sheet 
Metal and Air Conditioning Contractors National Association) standards. 

 
B. Source Control  

 
The most effective type of pollution control is generally at the source.  Products specified for this project 
will take this into consideration thereby minimizing any threat to the air quality of the completed 
building.  

 
1. Use low VOC products as indicated by the specifications to reduce potential problems. 
 
2. Exhaust pollution sources to the outside with portable fan systems. Prevent exhaust from re-

circulating back into the building. 
 

3. Keep containers of wet products closed as much as possible. Cover or seal containers of waste 
materials that can release odor or dust. 

zubair


zubair
56



 
 

 
Construction Indoor Air Quality Plan- APPROVED RECORD COPY Page 3 of 8 
 
804 West Diamond Avenue, Suite 300, Gaithersburg, MD 20878        P 301.670.9000 / F 9009      W hessconstruction.com 
 

2201 A. Presstman Street, Baltimore, MD 21216      P 410-523-2072 / F 2076 
 

 
4. No smoking activities are allowed on PGCPS property.  

 
5. Avoid cutting block, brick, and concrete inside the building. If this is not practical, then tent off 

the area and exhaust the dust to the exterior where practical. Cutting in finished areas should be 
avoided at all costs. 

 
6. Prohibit “Bake-out” of spaces to accelerate the release of VOC’s. 

 
C. Pathway Interruption 

 
Control is the effort to prevent VOC’s and other contaminants from spreading to other areas of the 
building which are occupied or where Type B finishes could absorb them for later release.  

 
1. Provide dust curtains or temporary enclosures to prevent dust from migrating to other areas when 

applicable. 
 
2. Locate pollutant sources as far away as possible from supply ducts and areas occupied by 

workers when feasible. Supply and exhaust systems may have to be shut down or isolated during 
such activity. 

 
3. During construction, isolate areas of work to prevent contamination of clean or occupied areas. 

Pressure differentials may need to be utilized to prevent contaminated air from entering clean 
areas if practical. 

 
4. Depending on weather, ventilation using 100% outside air will be used to exhaust contaminated 

air directly to the outside during installation of VOC emitting materials. 
 

5. Take photographs showing the above and other activities to document compliance. 
 

D. Housekeeping  
 

As dust and other contaminants accumulate during the construction phase, they will become airborne 
when disturbed by nearby activity. Also, spills or excess application of products containing solvents will 
increase odors on site. Finally, leaving the jobsite wet or damp for extended periods could result in the 
growth of mold and bacteria.  

 
1. Provide regular cleaning concentrating on HVAC equipment and building spaces to remove 

contaminants from the building prior to occupancy. 
 
2. All coils, air filters, fans, and ductwork shall remain clean.  
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3. Suppress and minimize dust with wetting agents or sweeping compounds. Utilize efficient and 
effective dust collecting methods such as a damp cloth, wet mop, or vacuum with particulate 
filters. 

 
4. Remove accumulations of water inside the building. Protect porous materials such as insulation 

and ceiling tile from exposure to moisture. 
 

5. Thoroughly clean all interior surfaces prior to replacing filters and running the HVAC system for 
system balancing, commissioning, and building flush-out. 

 
6. Take photographs showing the above and other activities to document compliance.  

 
E. Scheduling  

 
These measures include careful scheduling to logically sequence the application of Type A and Type B 
finishes; minimizing the chances for absorption of VOC’s and other contaminants released during 
construction. 

 
1. Schedule high pollution activities that utilize high VOC level products to take place prior to 

installing highly absorbent materials. Examples of high VOC level products include paints, 
sealers, insulation, adhesives, caulking, and cleaners. Examples of highly absorbent materials 
include ceiling tiles, gypsum wall board, fabric furnishings, carpet, and insulation. These 
materials will act as “sponges” for VOC’s, odors, and other contaminants and release them later 
after occupancy.   

 
2. Protect highly absorbent materials from being exposed to dust, debris, demolition, and 

contamination by moisture during delivery, storage, and installation. 
 

3. Continuously ventilate areas where high VOC level products have been installed for at least 
forty-eight (48) hours after installation, and prior to occupancy. 

 
4. Avoid storing highly absorbent materials on site if they cannot be protected. 

 
5. The approved project schedule generally allows for off-gassing to occur before installing 

absorptive materials, but there may be some minor coordination required during installation.  
The main area of conflict will be final or touch-up painting the walls in the corridors where there 
is acoustical ceiling tile, but the paint products required in these areas are low-VOC paint 
products.  Based on this, virtually no off-gassing will occur in these areas. 
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F. Baseline Indoor Air Quality Testing 
 
This measure is necessary to ensure the HVAC system is performing to standard and is maintaining the 
proper temperature, humidity, outside air quality, filter installation, drain pan operation and to ensure 
compliance with ASHRAE Standard 62.  
 

1. An independent contractor shall test the indoor air quality for contaminants upon completion of 
construction and prior to occupancy to demonstrate that the maximum contaminant 
concentrations listed in specification section 01450, page 7 are not exceeded.  Should any of the 
concentrations be exceeded, additional flush outs will be conducted until the concentrations have 
been lowered to within the allowable standards. 

 
2. As required by LEED, the baseline indoor air quality testing will occur following completion  of 

punchlist activities but before Owner occupancy.  All areas of the building will be tested 
simultaneously so separation of building by testing areas will not be required.  The exact start 
date of testing will be determined per the updated project schedule.  Per the project baseline 
schedule, the anticipated testing date is February 1st, 2010. 

 
 
SECTION III.     PLANNING, DOCUMENTING, AND ENFORCING  
 
A. Distribution 
 
Upon approval by the Owner and Architect, this Indoor Air Quality Plan will be distributed to the 
management personnel (project manager, superintendents, and foreman) of all Contractors.  
Additionally, a copy of this plan will be posted in the General Contractor’s trailer. Each Contractor 
Foreman and/or Project Manager will read this plan and sign a statement that they have read the plan. 
 
B. Instruction 
 
The General Contractor will provide on-site instruction to all crews on the job site.  A copy of the plan 
will be provided and the plan will be discussed to ensure all personnel understand the intent and 
procedures indicated herein.  A copy of the plan and/or personal instruction will be provided in Spanish 
as required. 
 
C. Meetings 
 
The General Contractor shall incorporate discussion of indoor air quality at all meetings for all trade 
contractors involved with this project. At a minimum, indoor air quality goals and issues will be 
discussed at the following meetings: 

 
1. Construction kick-off meetings 
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2. Trade pre-construction meetings 
 

3. Weekly foreman’s meetings 
 

4. Bi-weekly progress meetings 
 

D. Signage 
 
At all project entrances and within the General Contractor’s Trailer, “No Smoking” signs will be posted 
in English and Spanish stating that smoking is not permitted on PGCPS property.  This established 
perimeter will protect against tobacco smoke from entering into the building through fresh air intakes or 
windows.  “No Smoking” signs will also be placed throughout the building as a reminder to all trade 
contractor employees working inside the building.  Additional signs will be developed and implemented 
as required as the project progresses. 
 
E. Enforcement 
 
The General Contractor shall act as the Indoor Air Quality Manager and will inspect for indoor air 
quality problems on a regular basis, inform the trade contractor’s foreman of these problems, and direct 
mitigation as required. All trade contractors are bound by the guidance contained within this plan and 
within the Specifications.  Failure to follow the procedures spelled out in this plan will result in: 

 
1. The on-site foreman for the responsible party will be notified of the problem/deficiency and 

immediate correction is to occur based on the direction of the General Contractor. 
 
2. The trade contractor’s Project Manager will be formally notified in writing of the 

problem/deficiency indicating repeat failure to correct the problem/deficiency. Immediate 
corrective action will be required for the problem/deficiency and to prevent further occurrences. 

 
3. If the previous steps fail to correct the problem, the General Contractor will take the necessary 

corrective action and back-charge the responsible trade contractor for all costs associated with 
the corrective effort. 

 
4. Continual non-compliance by individuals will result in their being permanently removed from 

the job site by the General Contractor. 
 
F. Documentation 
 
At a minimum, the following documentation shall be gathered to ensure compliance with this plan: 
 

1. Maintain photographs of construction indoor air quality management measures. 
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2. Submit product data on filtration media used during construction and installed prior to 
occupancy. 

 
3. Maintain meeting minutes, checklists, worksheets, notifications, and deficiency / resolution logs. 

 
4. Statement of Receipt and Understanding of Plan (see Attachment A) 

 
5. Instruction Course Sign In Sheet (see Attachment B) 

 
 
SECTION IV.     SUMMARY  
 
The Indoor Air Quality Plan contained herein and in conjunction with the Specifications is the complete, 
coordinated plan. Its goal is to assure the highest possible air quality at building occupancy and for years 
to come. When all members of the project team give their full commitment to this effort, we will achieve 
Indoor Air Quality success. 
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SECTION V.     REFERENCES  
 

1. Sheet Metal and Air Conditioning Contractors National Association (SMACNA) IAQ Guidelines 
for Occupied Buildings under Construction, 1995, Chapter 3 “Control Measures.” 

 
2. Sheet Metal and Air Conditioning Contractors National Association (SMACNA) Duct 

Cleanliness for New Construction Guidelines. 
 

3. ASHRAE Standard 52.2-1999”: “Method of Testing General Ventilation Air Cleaning Devices 
for Removal Efficiency by Particle Size.” 
 

4. BIFMA M7.1-2005 and X7.1-2005 Standard for Formaldehyde and TVOC Emissions of Low-
emitting Office Furniture Systems and Seating. 
 

5. FloorScore by Resilient Floor Covering Institute. 
 

6. US Green Building Council (USGBC) LEEDTM-NC v2.2 Green Building Rating System 
Reference Guide 
 

7. California Department of Health Services Standard Practice for The Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers, including 2004 
Addenda. 
 

8. Greenguard Environmental Institute, Greenguard Children and Schools Certification Program. 
 

9. Green Label Plus Carpet Testing Program by Carpet and Rug Institute for Carpet, Cushion and 
Adhesives. 
 

10. SCS Indoor Advantage Gold – certification program for indoor finishes other than floor 
coverings. 
 

11. US EPA “Compendium of Methods for the Determination of Air Pollutants in Indoor Air.” 
 

12. US EPA “Environmental Technology Verification (ETV) Large Chamber Test Protocol for 
Measuring Emissions of VOCs and Aldehydes.” 
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C o n s t r u c t i o n  I n d o o r  A i r  Q u a l i t y  P l a n  

 
Barack Obama Elementary School 

(a.k.a. Sub-Region VI Elementary School) 
12700 Brooke Lane 

Upper Marlboro, Maryland 20772 
 

 
 
 
 

S t a t e m e n t  o f  R e c e i p t  a n d  U n d e r s t a n d i n g  o f  P l a n  
 
 
T h i s  i s  t o  c o n f i r m  t h a t  I  h a v e  r e c e i v e d ,  r e a d ,  u n d e r s t a n d  a n d  
w i l l  a s s i s t  i n  e n f o r c i n g  t h e  C o n s t r u c t i o n  I n d o o r  A i r  Q u a l i t y  
P l a n  f o r  t h e  S u b - R e g i o n  V I  E l e m e n t a r y  S c h o o l  P r o j e c t  l o c a t e d  
i n  U p p e r  M a r l b o r o ,  M a r y l a n d .  
 
I  u n d e r s t a n d  t h a t  i t  i s  t h e  g o a l  o f  a l l  i n d i v i d u a l s  w o r k i n g  o n  
t h i s  p r o j e c t  t o  c o m m i t  t o  a n y  m e a s u r e s  t h a t  n e e d  t o  b e  t a k e n  
i n  o r d e r  t o  p r o v i d e  g o o d  i n d o o r  a i r  q u a l i t y  d u r i n g  
c o n s t r u c t i o n  a n d  a f t e r  c o n s t r u c t i o n  i s  c o m p l e t e .   
 
 
             
P r i n t e d  N a m e      C o m p a n y    
 
 
             
S i g n a t u r e      D a t e  
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C o n s t r u c t i o n  I n d o o r  A i r  Q u a l i t y  P l a n  

 
Barack Obama Elementary School 

(a.k.a. Sub-Region VI Elementary School) 
12700 Brooke Lane 

Upper Marlboro, Maryland 20772 
 

 
I n s t r u c t i o n  C o u r s e  S i g n  I n  S h e e t  

 
 

D a t e  Printed Name Signature 
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Intent 
Reduce indoor air quality problems resulting from the construction/renovation process in order to help 
sustain the comfort and well-being of construction workers and building occupancy. 
 
Requirement 
OPTION 1- FLUSH-OUT 
After construction ends, prior to occupancy and with all interior finishes installed, perform a building flush-
out by supplying a total of 14,000 cu.ft. of outdoor air per sq.ft. of floor area while maintaining an internal 
temperature of at least 60°F and a relative humidity no higher than 60%.  If occupancy is desired prior to 
completion of the flush-out, the space may be occupied following the delivery of a minimum of 3,500 cu.ft. 
of outdoor air per sq.ft. of floor area to the space.  Once occupied, the building shall be ventilated at a 
minimum rate of 0.30 cfm/sq.ft. of outside air or the design minimum until a total of 14,000 cu.ft./sq.ft. of 
outside air has been delivered. 
 
System Analysis 
The construction activities, as further defined below, in all areas of the building will be completed entirely 
before commencement of the flush-out thus not requiring segregation by HVAC zone.  The building utilizes 
five (5) 100% outside air Energy Recovery Units to provide outside air to the building and one (1) Hood 
Vent/Supply Fan to provide outside air to the kitchen.  The system is designed to be run at 100% outside air 
while maintaining design humidity levels.  The ground source heat pump units will be used to maintain 
temperature in the spaces.  Additional means of air circulation, such as stand-alone fans, will be used as 
necessary to circulate air in potential dead air zones. 
 
Option #1A: Compliance before Owner Occupancy 
! The total combined min. OA output:   26,450cfm 
! The total building square footage:   82,659sf 
! The total OA required before Owner occupancy: 1,157,226,000cf 
! Duration required before Owner occupancy:  56.09 days* (at min. OA) 

 
*NOTE: Date based upon 13hr/day occupancy schedule seven (7) days per week. 
 

Schedule of Activities 
! Construction complete:   January 20, 2010 
! Commence Flush-out:   March 19, 2010 
! Total Flush-out Complete:   May 21, 2010* (scheduled date) 
! Owner Occupancy- Full staff:  August 15, 2010 
 
Preparatory activities: Complete Construction 
! All interior painting completed 
! All interior furnishing and cabinet work installation completed 
! All flooring materials installed including any adhesives used for carpeting, VCT, Linoleum and paneling 
! All ceiling tile installed 
! Site work complete around the building perimeter 
! Final cleaning completed 
! Final TAB completed 
! Punchlist completed 
! Initial Cx checkout of units 
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Pre-Flush-out Activities: Prepare for Flush-out using building HVAC System 
! Remove any temporary filters and duct coverings from Construction IAQP 
! Replace ERU filtration media with new MERV-8 filters 
! Replace all heat pump filtration media with new filters 

NOTE: Per LEED-NCv2.2 Reference Guide, if the system is configured such that only outside air is filtered, 
these outside air filters do not need to be replaced.  Actual conditions must be verified. 

! As required, open interior doors and provide mechanical means of air flow as required ensuring all 
areas of the building are properly ventilated and prevent dead air zones in the building. 

! Verify BAS is properly programmed for building flush-out and trending reports (running time, OA output, 
temperature, humidity) 

! Establish testing parameters (system run time, trending increments, etc.) 
! Confirm design 26,450cfm OA output with actual from TAB report 
! Confirm space temperatures and humidity can be maintained 
! Establish and verify exhaust fan needs to allow air transfer with positive pressure but avoid over-

pressurizing the building 
! Run pre-test 
 
Flush-out using building HVAC System 
! Verify pre-flush-out activities are complete 
! Commence flush-out when all ERU’s are operating within the required parameters 
! Confirm settings and trending has started 
! As the building will remain unoccupied, the system will be run 13 hours a day for a minimum of 56.09 

days to achieve the full 14,000cu. ft./sq.ft. of OA required.  Following the flush, the units will be run at the 
normal occupied OA rate and schedule. 

 
Issue Resolution Protocol during Flush-out 
! Should the humidity or temperature exceed the limits, the BAS system will automatically take steps to 

correct. 
! All responsible parties will notified at time of issue 
! Impact to flush-out duration will be evaluated and adjustments made accordingly. 
 
Final Reporting 
! After Completion of the flush-out, trending logs will be provided indicating duration, OA supply, 

temperature, and humidity readings 
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Barack Obama ES
EQcr3.2 Calculations

BUILDING INFORMATION: REF. M-3.1

ERU UNIT CFM EXHAUST
MIN MAX CFM

OUTSIDE AIR CFM
MIN MAX CFM

1 9,935 9,935 9,390
2 11,015 11,015 10,225
3 3,010 3,010 2,685
4 7,000 1,500 7,000 5,500
5 990 990 885

MAU-1 3,300 3,300
26,450 TOTAL SYSTEM MIN. OA CFM

35,250 TOTAL SYSTEM MAX. OA CFM
28,685 TOTAL SYSTEM EXHAUST CFM

82 659 SF FLOOR AREA82,659 SF FLOOR AREA

OPTION 1A: COMPLIANCE BEFORE OWNER OCCUPANCY

REQUIRED ACTUAL
14,000 CFM/SF OA 20,95614,000 CFM/SF OA 20,956

1,157,226,000 TOTAL CF OA 1,732,185,000

43,751.46 MINUTES 49,140.00

729.19 HOURS 819.00

56.09 DAYS* 63.00

DURATION AT MAX OA, 24 HOURS/DAY

*NOTE: 1 day = 13hr/day system run time
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EQcr3.2: Constuction IAQ Management Plan: Before Occupancy 
Barack Obama Elementary School (LEED-NCv2.2) 
 

 

 

Page 1 of 2 

Intent 
Reduce indoor air quality problems resulting from the construction/renovation process in order to help 
sustain the comfort and well-being of construction workers and building occupancy. 
 
Requirement 
OPTION 1- FLUSH-OUT 
After construction ends, prior to occupancy and with all interior finishes installed, perform a building flush-
out by supplying a total of 14,000 cu.ft. of outdoor air per sq.ft. of floor area while maintaining an internal 
temperature of at least 60°F and a relative humidity no higher than 60%.  If occupancy is desired prior to 
completion of the flush-out, the space may be occupied following the delivery of a minimum of 3,500 cu.ft. 
of outdoor air per sq.ft. of floor area to the space.  Once occupied, the building shall be ventilated at a 
minimum rate of 0.30 cfm/sq.ft. of outside air or the design minimum until a total of 14,000 cu.ft./sq.ft. of 
outside air has been delivered. 
 
System Analysis 
The construction activities, as further defined below, in all areas of the building will be completed entirely 
before commencement of the flush-out thus not requiring segregation by HVAC zone.  The The building 
utilizes five (5) 100% outside air Energy Recovery Units to provide outside air to the building and one (1) 
Hood Vent/Supply Fan to provide outside air to the kitchen.  The ground source heat pump units will be 
used to maintain temperature in the spaces.  Additional means of air circulation, such as stand-alone fans, 
will be used as necessary to circulate air in potential dead air zones. 
 
! The total combined min. OA output:  26,450cfm 
! The total building square footage:  82,659sf 
! The total OA required at 14,000cu.ft./sq.ft: 1,157,226,000cf 
 
Option #1B: Alternate Compliance with Owner Occupancy 
Initial 3,500cu.ft./sq.ft. 
! Total OA required before Owner occupancy:  289,306,500cf 
! Duration required before Owner occupancy (13hr/day*): 14.02 days (at design min. OA rate 0.32cfm/sf) 

 
*NOTE: 13hr/day = occupancy schedule of 10 hours + 3 hours startup prior to occupancy required by LEED 

 
Remaining 10,500cu.ft./sq.ft. 
! Total OA required after Owner occupancy:  867,919,500cf 
! Duration required after Owner occupancy (13hr/day*): 42.07 days (at design min. OA rate 0.32cfm/sf) 

 
*NOTE: 13hr/day = occupancy schedule of 10 hours + 3 hours startup prior to occupancy required by LEED 

 
Schedule of Activities 
! Construction complete:   January 20, 2010 
! Commence Flush-out:   March 19, 2010 
! Initial Flush-out Complete:   April 3, 2010 
! Commence Remaining Flush-out:  April 3, 2010 
! Total Flush-out Complete  : May 21, 2010* (scheduled date) 
! Owner Furniture Move-in:   April 12, 2010 
! Owner Occupancy- Admin. Staff: April 12, 2010 
! Owner Occupancy- Full staff:  August 2010 
 

*NOTE: Date based upon 13hr/day occupancy schedule seven (7) days per week. 

zubair
Appendix F: Construction IAQ Management Plan: Before Occupancy (Scenario 2)
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EQcr3.2: Constuction IAQ Management Plan: Before Occupancy 
Barack Obama Elementary School (LEED-NCv2.2) 
 

 

 

Page 2 of 2 

Preparatory activities: Complete Construction 
! All interior painting completed 
! All interior furnishing and cabinet work installation completed 
! All flooring materials installed including any adhesives used for carpeting, VCT, Linoleum and paneling 
! All ceiling tile installed 
! Site work complete around the building perimeter 
! Final cleaning completed 
! Final TAB completed 
! Punchlist completed 
! Initial Cx checkout of units 
 
Pre-Flush-out Activities: Prepare for Flush-out using building HVAC System 
! Remove any temporary filters and duct coverings from Construction IAQP 
! Replace ERU filtration media with new MERV-8 filters 
! Replace all heat pump filtration media with new filters 

NOTE: Per LEED-NCv2.2 Reference Guide, if the system is configured such that only outside air is filtered, 
these outside air filters do not need to be replaced.  Actual conditions must be verified. 

! As required, open interior doors and provide mechanical means of air flow as required ensuring all 
areas of the building are properly ventilated and prevent dead air zones in the building. 

! Verify BAS is properly programmed for building flush-out and trending reports (running time, OA output, 
temperature, humidity) 

! Establish testing parameters (system run time, trending increments, etc.) 
! Confirm design 81,100cfm OA output with actual from TAB report 
! Confirm space temperatures and humidity can be maintained 
! Establish and verify exhaust fan needs to allow air transfer with positive pressure but avoid over-

pressurizing the building 
! Run pre-test 
 
Flush-out using building HVAC System 
! Verify pre-flush-out activities are complete 
! Commence flush-out when all ERU’s are operating within the required parameters 
! Confirm settings and trending has started 
! As the building will remain unoccupied, the system will be run 13 hours a day for the first 11 days to 

achieve the minimum 3,500cu. ft./sq. ft. for Owner occupancy.  Following the initial 11 days, the units will 
be run at the normal occupancy OA rate and schedule until the full 14,000cu. ft./sq. ft. is achieved. 

 
Issue Resolution Protocol during Flush-out 
! Should the humidity or temperature exceed the limits, the BAS system will automatically take steps to 

correct. 
! All responsible parties will notified at time of issue 
! Impact to flush-out duration will be evaluated and adjustments made accordingly. 
 
Final Reporting 
! After Completion of the flush-out, trending logs will be provided indicating duration, OA supply, 

temperature, and humidity readings 
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Barack Obama ES
EQcr3.2 Calculations

BUILDING INFORMATION: REF. M-3.1

ERU UNIT CFM EXHAUST
MIN MAX CFM
OUTSIDE AIR CFM

1 9,935 9,935 9,390
2 11,015 11,015 10,225
3 3,010 3,010 2,685
4 7,000 1,500 7,000 5,500
5 990 990 885

MAU-1 3,300 3,300
26,450 TOTAL SYSTEM MIN. OA CFM

35,250 TOTAL SYSTEM MAX. OA CFM
28,685 TOTAL SYSTEM EXHAUST CFM

82 659 SF FLOOR AREA82,659 SF FLOOR AREA

OPTION 1B: ALTERNATE COMPLIANCE WITH OWNER OCCUPANCY

BEFORE OCCUPANCY
3,500 CF/SF OUTSIDE AIR

289 306 500 CF REQUIRED289,306,500 CF REQUIRED

DURATION AT MIN OA BEFORE OCCUPANCY
10,937.86 MINUTES

182.30 HOURS
14.02 DAYS REQ. (13 HRS/DAY)
15.00 DAYS ACT. (13 HRS/DAY)

AFTER OCCUPANCY

0.30 CFM/SF LEED MINIMUM REQ.
0.32 CFM/SF ACTUAL MINIMUM
0.43 CFM/SF ACTUAL MAXIMUM

10,500 CF/SF OUTSIDE AIR
867,919,500 CF REQUIRED867,919,500 CF REQUIRED

DURATION OF OA AFTER OCCUPANCY
RATE (CFM/SF) 0.30 0.32 0.43
MINUTES 35,000.00 32,813.59 24,621.83
HOURS 583.33 546.89 410.36

REQUIRED: DAYS (13 HR) 44.87 42.07 31.57
ACTUAL: DAYS (13 HR) 48.00
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