
 

 

 

 

 

 

 

 

 

 

 

 Measured transmission functions from

structure-borne sound sources in a timber-frame

construction

❋❛❜✐❛♥ ❙❝❤ö♣❢❡r
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❚❤❡ ❛✐♠ ♦❢ ♣r❊◆ ✶✺✻✺✼✲✷ ✐s t♦ ♣r♦✈✐❞❡ ❡♥❣✐♥❡❡r✐♥❣ ♠❡t❤♦❞s t♦ ❡st✐♠❛t❡ t❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞
♣♦✇❡r ✐♥♣✉t ❢r♦♠ ♠❛❝❤✐♥❡r② ✐♥ s✐t✉❛t✐♦♥s ✇❤❡r❡ t❤❡ s♦✉r❝❡ ♠♦❜✐❧✐t② ♠❛t❝❤❡s ♦r ✐s ❧♦✇❡r t❤❛♥ t❤❡
r❡❝❡✐✈❡r ♠♦❜✐❧✐t②✳ ❚❤✐s s✐t✉❛t✐♦♥ ♦❢t❡♥ ❛✛❡❝ts ❧✐❣❤t✇❡✐❣❤t ❝♦♥str✉❝t✐♦♥s s✉❝❤ ❛s t✐♠❜❡r✲❢r❛♠❡ ❜✉✐❧❞✐♥❣s✳
❚♦ ❡st✐♠❛t❡ t❤❡ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ✐♥ ❛ r♦♦♠ t❤❛t ✐s ❛❞❥❛❝❡♥t ♦r ❞✐st❛♥t ❢r♦♠ t❤❡ r♦♦♠ ❝♦♥t❛✐♥✐♥❣ t❤❡
s♦✉r❝❡✱ t❤❡ ✐♥st❛❧❧❡❞ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r ❤❛s t♦ ❜❡ ♣r♦♣❛❣❛t❡❞ ❛❝r♦ss ❛t ❧❡❛st ♦♥❡ ❥✉♥❝t✐♦♥ ✐♥
t❤❡ t✐♠❜❡r✲❢r❛♠❡ ❝♦♥str✉❝t✐♦♥✳ ❍♦✇❡✈❡r✱ ❛t ♣r❡s❡♥t t❤❡r❡ ❛r❡ ♥♦ ❣❡♥❡r✐❝✱ ✈❛❧✐❞❛t❡❞ ❝❛❧❝✉❧❛t✐♦♥ ♠♦❞❡❧s
❞✉❡ t♦ t❤❡ ❝♦♠♣❧❡①✐t② ❛♥❞ t❤❡ ❧❛r❣❡ ✈❛r✐❡t② ♦❢ t✐♠❜❡r✲❢r❛♠❡ ❝♦♥str✉❝t✐♦♥s✳ ❆ s✐♠♣❧✐✜❡❞ ❛♣♣r♦❛❝❤ t♦
✐♥✈❡st✐❣❛t❡ ❛♥❞ ❝♦♠♣❛r❡ t❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ tr❛♥s♠✐ss✐♦♥ ✐s t♦ tr❡❛t t❤❡ ❢r❛♠❡❞ ❝♦♥str✉❝t✐♦♥
❛s ❛ ❜❧❛❝❦ ❜♦① ❛♥❞ ♦♥❧② ❝♦♥s✐❞❡r ♦♥❡ ♣❛r❛♠❡t❡r✱ ❛ tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥ ✇❤✐❝❤ ✐s t❤❡ r❛t✐♦ ♦❢ t❤❡
s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ✐♥ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ t♦ t❤❡ ✐♥❥❡❝t❡❞ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r ❧❡✈❡❧✳ ❚♦ ❣❡t
✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ✈❛r✐❛t✐♦♥ ♦❢ t❤✐s tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥ ✐♥ ❞✐✛❡r❡♥t t✐♠❜❡r✲❢r❛♠❡ ❝♦♥str✉❝t✐♦♥s✱
♠❡❛s✉r❡♠❡♥ts ✇❡r❡ ♠❛❞❡ ✐♥ ❜♦t❤ t❤❡ ❧❛❜♦r❛t♦r② ❛♥❞ t❤❡ ✜❡❧❞✳ ❊①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞
s❤♦✇✐♥❣ t❤❡ ✈❛r✐❛t✐♦♥ ❞✉❡ t♦ ❞✐✛❡r❡♥t ❜✉✐❧❞✐♥❣ ❝♦♥✜❣✉r❛t✐♦♥s ❛♥❞ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ❡①❝✐t❛t✐♦♥ ♣♦s✐t✐♦♥
♦♥ t❤❡ tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥✳

P❆❈❙ ♥♦✳ ✹✸✳✹✵✳✰s✱ ✹✸✳✺✽✳✰③

✶✳ ■♥tr♦❞✉❝t✐♦♥

❙✉st❛✐♥❛❜❧❡ ❛♥❞ ❡♥❡r❣❡t✐❝❛❧❧② ♦♣t✐♠✐③❡❞ ❜✉✐❧❞✐♥❣s
❛r❡ ❜❡❝♦♠✐♥❣ ❡✈❡r ♠♦r❡ ✐♠♣♦rt❛♥t✱ ♣❛rt✐❝✉❧❛r❧②
t✐♠❜❡r✲❢r❛♠❡ ❜✉✐❧❞✐♥❣s✳ ❚❤❡s❡ t②♣✐❝❛❧❧② ✐♥❝♦r♣♦r❛t❡
♠❡❝❤❛♥✐❝❛❧ s❡r✈✐❝❡ ❡q✉✐♣♠❡♥t s✉❝❤ ❛s ❤❡❛t✐♥❣ ❞❡✈✐❝❡s✱
❤❡❛t ♣✉♠♣s ♦r ✈❡♥t✐❧❛t✐♦♥ s②st❡♠s✳ ❙✉❝❤ ❛♣♣❧✐❛♥❝❡s
❛❝t ❛s str✉❝t✉r❡ ❜♦r♥❡✲s♦✉♥❞ s♦✉r❝❡s ✐♥ t❤❡ ❜✉✐❧❞✐♥❣
❛♥❞ ❝❛♥ ❝❛✉s❡ ❛♥♥♦②❛♥❝❡ t♦ t❤❡ ♦❝❝✉♣❛♥ts✳ ❋♦r t❤✐s
r❡❛s♦♥ ✐t ✐s ♥❡❝❡ss❛r② ❢♦r ❝♦♥s✉❧t❛♥ts ❛♥❞ ❛r❝❤✐t❡❝ts t♦
❜❡ ❛❜❧❡ t♦ ♣r❡❞✐❝t t❤❡ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧s ❝❛✉s❡❞ ❜②
s❡r✈✐❝❡ ❡q✉✐♣♠❡♥t ❛t t❤❡ ❞❡s✐❣♥ st❛❣❡✳ ■♥ t❤❡ ❢r❛♠❡
❞♦❝✉♠❡♥t ♦❢ ♣r❊◆ ✶✺✻✺✼✲✷✱ ♠❡t❤♦❞s ❛r❡ ❞❡s❝r✐❜❡❞
t♦ ❝❛❧❝✉❧❛t❡ t❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ❡①❝✐t❛t✐♦♥ ❢♦r
t②♣✐❝❛❧ ♠♦❜✐❧✐t② ❝♦♥❞✐t✐♦♥s ✐♥ ❧✐❣❤t✇❡✐❣❤t ❜✉✐❧❞✐♥❣s✱
✇❤❡r❡ t❤❡ s♦✉r❝❡ ♠♦❜✐❧✐t② ❝❛♥ ❜❡ ❡q✉❛❧ ♦r ❧♦✇❡r
t❤❛♥ t❤❡ r❡❝❡✐✈❡r ♠♦❜✐❧✐t②✳ ❍♦✇❡✈❡r✱ ❛t ♣r❡s❡♥t t❤❡r❡

✭❝✮ ❊✉r♦♣❡❛♥ ❆❝♦✉st✐❝s ❆ss♦❝✐❛t✐♦♥

❛r❡ ♥♦ ❡♥❣✐♥❡❡r✐♥❣ ♠❡t❤♦❞s ❛✈❛✐❧❛❜❧❡ t♦ ♣r❡❞✐❝t t❤❡
str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ tr❛♥s♠✐ss✐♦♥ ✐♥ ❧✐❣❤t✇❡✐❣❤t
❜✉✐❧❞✐♥❣s ❞✉❡ t♦ t❤❡✐r ❝♦♠♣❧❡①✐t② ❛♥❞ t❤❡ ❧❛r❣❡
✈❛r✐❡t② ♦❢ ❢r❛♠❡❞ ❜✉✐❧❞✐♥❣ ❝♦♥str✉❝t✐♦♥s✳ ❉✉❡ t♦
❛ ❧❛❝❦ ♦❢ ❡①♣❡r✐❡♥❝❡✱ t❤❡r❡ ✐s ✉♥❝❡rt❛✐♥t② ✐♥ t❤❡
r❡s✉❧t✐♥❣ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧s ❛♥❞ t❤❡✐r s♣r❡❛❞ ❞✉❡
t♦ t❤❡ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦r t❤❡ ♣♦s✐t✐♦♥
♦❢ ✜①✐♥❣ ♣♦✐♥ts ♦❢ t❤❡ ♠❛❝❤✐♥❡r②✳ ❚♦ ❝♦❧❧❡❝t ❛♥❞
❝♦♠♣❛r❡ ❞❛t❛ ❞❡s❝r✐❜✐♥❣ t❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞
♣r♦♣❛❣❛t✐♦♥ ❛♥❞ r❛❞✐❛t✐♦♥ ✐♥ ❧✐❣❤t✇❡✐❣❤t ❝♦♥str✉❝✲
t✐♦♥s ❛ s✐♠♣❧✐✜❡❞ ❛♣♣r♦❛❝❤ ✐s t♦ ❢♦❝✉s ♦♥ t❤❡ r❛t✐♦
♦❢ t❤❡ ✐♥♣✉t ❛♥❞ ♦✉t♣✉t q✉❛♥t✐t✐❡s ✭❡✳❣✳ ❬✶❪✮✳ ■♥ t❤✐s
♣❛♣❡r✱ t❤❡ tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ✐♥♣✉t
str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r ❛♥❞ t❤❡ s♦✉♥❞ ♣r❡ss✉r❡
❧❡✈❡❧ ✐♥ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ ✇❛s ❞❡t❡r♠✐♥❡❞ ❡①♣❡r✐✲
♠❡♥t❛❧❧② ❢♦r ❞✐✛❡r❡♥t s✐t✉❛t✐♦♥s ✐♥ t❤❡ ❧❛❜♦r❛t♦r② ❛♥❞
✐♥ t❤❡ ✜❡❧❞✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤✐s st✉❞② ❛r❡ ♣r❡s❡♥t❡❞
t♦ ❣✐✈❡ ❛♥ ✐❞❡❛ ♦❢ t❤❡ ✈❛r✐❛t✐♦♥ ♦❢ t❤❡ tr❛♥s♠✐ss✐♦♥
❞✉❡ t♦ ❞✐✛❡r❡♥t ✐♥✢✉❡♥❝✐♥❣ ❢❛❝t♦rs ❛s ❞❡s❝r✐❜❡❞ ❛❜♦✈❡✳
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❋✐❣✉r❡ ✶✳ ❊①♣❡r✐♠❡♥t❛❧ s❡t✉♣ ❛t ❡❛❝❤ ❡①❝✐t❛t✐♦♥ ♣♦✐♥t✳ ❚❤❡
❢♦r❝❡ ✇❛s ❛♣♣❧✐❡❞ ✇✐t❤ ❛♥ ✐♠♣✉❧s❡ ❤❛♠♠❡r ❜❡t✇❡❡♥ ❛ ♣❛✐r
♦❢ ❛❝❝❡❧❡r♦♠❡t❡rs✳

✷✳ ❊①♣❡r✐♠❡♥t❛❧ ✇♦r❦

■♥ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥s t❤❡ ❜❛s✐❝ ♠❡❛s✉r❡♠❡♥t ♣r✐♥✲
❝✐♣❧❡ t♦ ❞❡t❡r♠✐♥❡ t❤❡ tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥ ✐s ❞❡✲
s❝r✐❜❡❞ ❛s ✇❡❧❧ ❛s t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤✐s ♣r✐♥❝✐♣❧❡ t♦
♠❡❛s✉r❡♠❡♥ts ✐♥ t❤❡ ❧❛❜♦r❛t♦r② ❛♥❞ ✜❡❧❞✳

✷✳✶✳ ❇❛s✐❝ ♠❡❛s✉r❡♠❡♥t ♣r✐♥❝✐♣❧❡

❆ ❝❛❧✐❜r❛t❡❞ ✐♠♣✉❧s❡ ❤❛♠♠❡r ✇❛s ✉s❡❞ t♦ ❡①❝✐t❡ t❤❡
str✉❝t✉r❡ ✇✐t❤ ❛ s✐♥❣❧❡ tr❛♥s✐❡♥t ❛♥❞ t♦ r❡❝♦r❞ t❤❡
✐♥♣✉t ❢♦r❝❡✳ ❚♦ ♣r♦✈✐❞❡ ❛ ✢❛t ❢♦r❝❡ s♣❡❝tr✉♠ ♦✈❡r
❛ ❜r♦❛❞ ❢r❡q✉❡♥❝② r❛♥❣❡✱ t❤❡ ❤❛♠♠❡r ❤❛❞ ❛♥ ❛❧✉✲
♠✐♥✐✉♠ t✐♣✳ ❙✐♥❝❡ t❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r
✇❛s ❝❤♦s❡♥ ❛s t❤❡ ✐♥♣✉t q✉❛♥t✐t②✱ ✐t ✐s ♥❡❝❡ss❛r② t♦
❦♥♦✇ t❤❡ str✉❝t✉r❛❧ r❡s♣♦♥s❡ ❛t✱ ♦r ❛s ❛♥ ❛♣♣r♦①✐♠❛✲
t✐♦♥ ❝❧♦s❡ t♦ t❤❡ ♣♦✐♥t ♦❢ ❡①❝✐t❛t✐♦♥✳ ❚❤❡ str✉❝t✉r❡✲
❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r ✐♥♣✉t ❝❛♥ t❤❡♥ ❜❡ ❞❡t❡r♠✐♥❡❞
❢r♦♠ t❤❡ r❡❛❧ ♣❛rt ♦❢ t❤❡ ❝r♦ss✲s♣❡❝tr✉♠ ❜❡t✇❡❡♥ t❤❡
❢♦r❝❡ ❛♥❞ t❤❡ ✈❡❧♦❝✐t② ❛t t❤❡ ❞r✐✈✐♥❣✲♣♦✐♥t ❛❝❝♦r❞✲
✐♥❣ t♦ ❡q✉❛t✐♦♥ ✶✳ ❚❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r
❧❡✈❡❧ ✇❛s t❤❡♥ ❝❛❧❝✉❧❛t❡❞ ❛❝❝♦r❞✐♥❣ t♦ ❡q✉❛t✐♦♥ ✷ ✇✐t❤
P0 = 10−12 W ✳

P = Re(F̃ · ṽ∗) ✭✶✮

LW = 10 · log
P

P0

✭✷✮

■♥ t❤✐s st✉❞② ❛ ♣❛✐r ♦❢ ❛❝❝❡❧❡r♦♠❡t❡rs ✇❛s ✉s❡❞ t♦
❡st✐♠❛t❡ t❤❡ ✈❡❧♦❝✐t② ❛t t❤❡ ❞r✐✈✐♥❣✲♣♦✐♥t✳ ❊❛❝❤ ❛❝✲
❝❡❧❡r♦♠❡t❡r ❤❛❞ ❛ ♠❛ss ♦❢ ✸✳✷ ❣r❛♠s ❛♥❞ ✇❛s ✜①❡❞
✇✐t❤ ❛ t❤✐♥ ❧❛②❡r ♦❢ ❜❡❡s ✇❛① t♦ t❤❡ s✉r❢❛❝❡ ♦❢ t❤❡
str✉❝t✉r❡✳ ❚❤❡ ❡①❝✐t❛t✐♦♥ ♣♦✐♥t ✇❛s ✐♥ ❜❡t✇❡❡♥ t❤❡
❛❝❝❡❧❡r♦♠❡t❡rs ❛s s❤♦✇♥ ✐♥ ✜❣✉r❡ ✶✳
❚❤❡ s♦✉♥❞ ♣r❡ss✉r❡ ❛s t❤❡ ♦✉t♣✉t q✉❛♥t✐t② ✇❛s ♠❡❛✲
s✉r❡❞ ❛t ✈❛r✐♦✉s ♠✐❝r♦♣❤♦♥❡ ♣♦s✐t✐♦♥s ✐♥ t❤❡ r❡❝❡✐✈✐♥❣
r♦♦♠✳

■♥ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ t❤❡r❡ ❛r❡ ❢❡✇ r♦♦♠ ♠♦❞❡s ❜❡✲
❧♦✇ ✺✵❍③ ❛♥❞ t❤❡ ✐♥♣✉t ❢♦r❝❡ s♣❡❝tr✉♠ ✐s ❞r♦♣♣✐♥❣
t♦✇❛r❞s ❤✐❣❤ ❢r❡q✉❡♥❝✐❡s❀ ❤❡♥❝❡ t❤❡ r❡s✉❧ts ❛r❡ ♣r❡✲
s❡♥t❡❞ ❜❡t✇❡❡♥ t❤❡ ✺✵❍③ ❛♥❞ t❤❡ ✷✵✵✵❍③ ♦♥❡✲t❤✐r❞
♦❝t❛✈❡ ❜❛♥❞s✳
❆❧❧ ♠❡❛s✉r❡♠❡♥ts ✇❡r❡ ❝❛rr✐❡❞ ♦✉t ✇✐t❤ ❛ ♠✉❧t✐✲
❝❤❛♥♥❡❧ ❋❋❚ ❛♥❛❧②s❡r✳ ❆❧❧ ❛❝t✐✈❡ ❝❤❛♥♥❡❧s ❢♦r t❤❡
❢♦r❝❡✱ ❛❝❝❡❧❡r❛t✐♦♥ ❛♥❞ s♦✉♥❞ ♣r❡ss✉r❡ ✇❡r❡ tr✐❣❣❡r❡❞
✇✐t❤ t❤❡ ❤❛♠♠❡r ✐♥♣✉t ✭✉s✐♥❣ ❛ s❤♦rt ♣r❡✲tr✐❣❣❡r✮ ❛♥❞
✜❧t❡r❡❞ ✇✐t❤ t❤❡ s❛♠❡ ❋❋❚✲✇✐♥❞♦✇ ❧❡♥❣t❤ t♦ r❡❢❡r✲
❡♥❝❡ t❤❡ tr❛♥s✐❡♥t ❡♥❡r❣② t♦ t❤❡ s❛♠❡ ❢r❛❝t✐♦♥ ♦❢ t✐♠❡
❢♦r ❛❧❧ q✉❛♥t✐t✐❡s✳ ❚❤❡ ✇✐♥❞♦✇ ❧❡♥❣t❤ ✇❛s ❞❡t❡r♠✐♥❡❞
❜② t❤❡ s♦✉♥❞ ♣r❡ss✉r❡ s✐❣♥❛❧ ✇❤✐❝❤ ❤❛❞ t❤❡ ❧♦♥❣❡st
❞❡❝❛② t✐♠❡✳ ❆t ❡❛❝❤ ❡①❝✐t❛t✐♦♥ ♣♦✐♥t✱ t❡♥ ❤✐ts ✇❡r❡
❝❛rr✐❡❞ ♦✉t ❛♥❞ ❛✈❡r❛❣❡❞ ✇✐t❤ ♣r♦❜❧❡♠❛t✐❝ ❤✐ts ✭❡✳❣✳
❞♦✉❜❧❡ ❤✐ts✮ ✐❞❡♥t✐✜❡❞ ✐♥ t✐♠❡ ❞♦♠❛✐♥ ❛♥❞ r❡❥❡❝t❡❞
❜❡❢♦r❡ ❢✉rt❤❡r ♣r♦❝❡ss✐♥❣✳
❚❤❡ ♣♦✇❡r ✐♥♣✉t ✇❛s ❝❛❧❝✉❧❛t❡❞ ✐♥ ♥❛rr♦✇ ❜❛♥❞s ❛♥❞
t❤❡♥ s✉♠♠❡❞ t♦ ❣✐✈❡ ♦♥❡✲t❤✐r❞ ♦❝t❛✈❡ ❜❛♥❞s ❛s ✇❡❧❧
❛s t❤❡ s♦✉♥❞ ♣r❡ss✉r❡✳
❚❤❡ ♠❡❛s✉r❡♠❡♥t ♣♦s✐t✐♦♥s ❢♦r t❤❡ s♦✉♥❞ ♣r❡ss✉r❡
✇❡r❡ ❝❤♦s❡♥ ❛❝❝♦r❞✐♥❣ t♦ ❬✷❪ ❛♥❞ ❬✸❪ ✐♥❝❧✉❞✐♥❣ ❝♦r♥❡r
♣♦s✐t✐♦♥s ❢♦r t❤❡ ✺✵ ❍③✱ ✻✸ ❍③ ❛♥❞ ✽✵ ❍③ ♦♥❡✲t❤✐r❞
♦❝t❛✈❡ ❜❛♥❞s✳ ❋♦❧❧♦✇✐♥❣ t❤❡s❡ r❡❝♦♠♠❡♥❞❛t✐♦♥s✱ t❤❡
♠❡❛♥ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ✐♥ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ ✐s

Lp = 10 · log

(∑n

i=1
p̃2i

n · p2
0

)

✭✸✮

❛❜♦✈❡ t❤❡ ✽✵ ❍③ t❤✐r❞ ♦❝t❛✈❡ ❜❛♥❞ ❛♥❞

Lp,LF = 10·log

(

100.1·Lp,corner + 2 · 100.1·Lp

3

)

✭✹✮

❢♦r t❤❡ ✺✵ ❍③✱ ✻✸ ❍③ ❛♥❞ ✽✵ ❍③ t❤✐r❞ ♦❝t❛✈❡ ❜❛♥❞s
✇✐t❤ p0 = 2 · 10−5 Pa✳
❚♦ ❛❝❝♦✉♥t ❢♦r ♣♦t❡♥t✐❛❧ ❛✐r❜♦r♥❡ ✢❛♥❦✐♥❣ tr❛♥s♠✐s✲
s✐♦♥✱ t❤❡ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡
s♦✉r❝❡ ❛♥❞ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ ✇❛s ❞❡t❡r♠✐♥❡❞ ✇✐t❤
❛♥ ❛✐r❜♦r♥❡ s♦✉r❝❡✳ ❍❡♥❝❡ ❛♥② ❛✐r❜♦r♥❡ ✢❛♥❦✐♥❣ ❝♦✉❧❞
❜❡ q✉❛♥t✐✜❡❞ ❛♥❞✱ ✐❢ ♥❡❝❡ss❛r②✱ ❝♦rr❡❝t❡❞ ❜② ♠❡❛s✉r✲
✐♥❣ t❤❡ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ✐♥ t❤❡ s♦✉r❝❡ r♦♦♠ ❞✉r✐♥❣
t❤❡ ❤❛♠♠❡r ♠❡❛s✉r❡♠❡♥ts✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ✐♥✢✉❡♥❝❡
♦❢ ❜❛❝❦❣r♦✉♥❞ ♥♦✐s❡ ✐♥ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ ✇❛s ❛❧s♦
t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t✳ ❇♦t❤ ✐♥✢✉❡♥❝✐♥❣ ❢❛❝t♦rs s❤♦✇❡❞
✈❡r② ❧✐tt❧❡ ♦r ♥♦ ❝♦♥tr✐❜✉t✐♦♥ ✐♥ t❤❡ r❡s✉❧ts✳
■t ✇❛s ♥❡❝❡ss❛r② t♦ ♥♦r♠❛❧✐③❡ t❤❡ ♠❡❛s✉r❡❞ s♦✉♥❞
♣r❡ss✉r❡ ❧❡✈❡❧ t♦ ❛ r❡❢❡r❡♥❝❡ r♦♦♠ ✇✐t❤ ❛♥ ❡q✉✐✈❛❧❡♥t
❛❜s♦r♣t✐♦♥ ❛r❡❛ ♦❢ A0 = 10m2 t♦ ❛❧❧♦✇ ❝♦♠♣❛r✐s♦♥ ♦❢
❞✐✛❡r❡♥t tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥s✳ ❚❤❡ s♦✉♥❞ ♣r❡ss✉r❡
❧❡✈❡❧ ✐♥❞✉❝❡❞ ❜② t❤❡ str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ❡①❝✐t❛t✐♦♥
✐s t❤❡♥ ❣✐✈❡♥ ❜②

Lsn = Lp + 10 · log

(

A

A0

)

✭✺✮

❛❜♦✈❡ ✽✵ ❍③ ❛♥❞

Lsn = Lp,LF + 10 · log

(

A

A0

)

✭✻✮
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❢♦r t❤❡ ❧♦✇❡st t❤r❡❡ ♦♥❡✲t❤✐r❞ ♦❝t❛✈❡ ❜❛♥❞s ✐♥ t❤❡ ❝♦♥✲
s✐❞❡r❡❞ ❢r❡q✉❡♥❝② r❛♥❣❡✳
❑♥♦✇✐♥❣ t❤❡ ✐♥♣✉t str✉❝t✉r❡✲❜♦r♥❡ s♦✉♥❞ ♣♦✇❡r ❛♥❞
t❤❡ r❡s✉❧t✐♥❣ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧✱ t❤❡ tr❛♥s♠✐ss✐♦♥
❢✉♥❝t✐♦♥ ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ✐♥ ❞❡❝✐❜❡❧s ❛s s✉❣❣❡st❡❞ ✐♥
❆♥♥❡①❈ ♦❢ ■❙❖✶✺✻✺✼✲✶ ❬✹❪✳

LH = Lsn − Lw. ✭✼✮

✷✳✷✳ ▲❛❜♦r❛t♦r② s❡t✉♣

❆s ♣❛rt ♦❢ ❛♥ ♦♥❣♦✐♥❣ r❡s❡❛r❝❤ ♣r♦❥❡❝t✱ ❛ ❧✐❣❤t✇❡✐❣❤t
t❡st r✐❣ ✇❛s ❜✉✐❧t ✐♥ t❤❡ ▲❛❜♦r❛t♦r② ❢♦r ❙♦✉♥❞ ▼❡❛✲
s✉r❡♠❡♥t ▲❛❙▼ ❛t t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ❆♣♣❧✐❡❞ ❙❝✐✲
❡♥❝❡s ✐♥ ❘♦s❡♥❤❡✐♠✳ ■♥ t❤✐s ♠♦❝❦✲✉♣ ❛ ❚✲❥✉♥❝t✐♦♥ ✇❛s
❢♦r♠❡❞ ❜② ❛ ❜❛r❡ t✐♠❜❡r ❥♦✐st ✢♦♦r ❛♥❞ t✇♦ t✐♠❜❡r
❢r❛♠❡ ✇❛❧❧s✳ ❚❤❡ ❝♦♥str✉❝t✐♦♥ ❝♦♠♣r✐s❡s ❛ s✐♥❣❧❡ ❧❛②❡r
♦❢ s❤❡❛t❤✐♥❣ ♠❛t❡r✐❛❧ ✇✐t❤♦✉t ✐♥s✉❧❛t✐♦♥ ♠❛t❡r✐❛❧ ✐♥
t❤❡ ❝❛✈✐t✐❡s✳ ❚❤❡ t✐♠❜❡r ❢r❛♠❡✇♦r❦ ✇❛s ❞❡s✐❣♥❡❞ ❜②
t❤❡ ●❡r♠❛♥ t✐♠❜❡r ❤♦✉s❡ ♠❛♥✉❢❛❝t✉r❡r ❘❡❣♥❛✉❡r ❛♥❞
r❡♣r❡s❡♥ts ❛ ❝♦♠♠♦♥ ❝♦♥str✉❝t✐♦♥✳ ❚❤❡ ❝r♦ss s❡❝t✐♦♥s
♦❢ t❤❡ ❢r❛♠❡ ❡❧❡♠❡♥ts ❛r❡ ✷✹ ❝♠① ✻ ❝♠ ❢♦r t❤❡ ✢♦♦r
❥♦✐sts ❛♥❞ ✾ ❝♠① ✻ ❝♠ ❢♦r t❤❡ st✉❞s t❤❛t ❢♦r♠ t❤❡
❢r❛♠❡❞ ✇❛❧❧s✳ ❚❤❡ s♣❛❝✐♥❣ ✐s ✻✷✳✺ ❝♠ ❢♦r ❜♦t❤ t❤❡ ✢♦♦r
❥♦✐sts ❛♥❞ ✇❛❧❧ st✉❞s✳ ❚❤❡ s❤❡❛t❤✐♥❣ ♠❛t❡r✐❛❧ ✐s ✶✾♠♠
❝❤✐♣❜♦❛r❞ ✇✐t❤ t♦♥❣✉❡ ❛♥❞ ❣r♦♦✈❡ ❝♦♥♥❡❝t✐♦♥s✳ ■♥ t❤❡
❧♦✇❡r ✢♦♦r t❤❡ t❡st r✐❣ ❢♦r♠s ❛ r❡❝❡✐✈✐♥❣ r♦♦♠ ✇✐t❤ ❛
✈♦❧✉♠❡ ♦❢ ❛♣♣r♦①✐♠❛t❡❧② ✺✵♠3✳ ❲✐t❤ t❤✐s s❡t✉♣✱ ✐t
✇❛s ♣♦ss✐❜❧❡ t♦ ♠❡❛s✉r❡ ❜♦t❤ ❞✐❛❣♦♥❛❧ ❛♥❞ ❤♦r✐③♦♥t❛❧
tr❛♥s♠✐ss✐♦♥✳
■♥ t❤❡ r❡❝❡✐✈✐♥❣ r♦♦♠ t❤❡ r❡✈❡r❜❡r❛t✐♦♥ t✐♠❡ ✇❛s ❛❞✲
❥✉st❡❞ t♦ ❜❡ ❛♣♣r♦①✐♠❛t❡❧② ✵✳✺ s ♦✈❡r t❤❡ ❡♥t✐r❡ ❢r❡✲
q✉❡♥❝② r❛♥❣❡ ♦❢ ✐♥t❡r❡st✳ ❚♦ ❞❡t❡r♠✐♥❡ t❤❡ tr❛♥s♠✐s✲
s✐♦♥ ❢✉♥❝t✐♦♥✱ t❤❡ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ✇❛s ♠❡❛s✉r❡❞
❛t s✐① ♠✐❝r♦♣❤♦♥❡ ♣♦s✐t✐♦♥s✳ ❋♦✉r ♣♦s✐t✐♦♥s ✐♥ t❤❡ ❝❡♥✲
tr❡ ❛r❡❛ ♦❢ t❤❡ r♦♦♠ ❛♥❞ t✇♦ ♣♦s✐t✐♦♥s ✐♥ r♦♦♠ ❝♦r✲
♥❡rs✳ ❚❤❡ ♠❡❛♥ s♦✉♥❞ ♣r❡ss✉r❡ ❧❡✈❡❧ ✇❛s t❤❡♥ ❝❛❧✲
❝✉❧❛t❡❞ ❛❝❝♦r❞✐♥❣ t♦ ❡q✉❛t✐♦♥ ✸ ❛♥❞ ✹✳ ❚♦ ❛❝❝♦✉♥t
❢♦r ❛ ♣♦ss✐❜❧❡ ❛✐r❜♦r♥❡ ✢❛♥❦✐♥❣ tr❛♥s♠✐ss✐♦♥✱ ❛♥ ❛❞✲
❞✐t✐♦♥❛❧ ♠✐❝r♦♣❤♦♥❡ ✇❛s ♣❧❛❝❡❞ ✐♥ t❤❡ s♦✉r❝❡ r♦♦♠
❞✉r✐♥❣ ❡①❝✐t❛t✐♦♥ ✇✐t❤ t❤❡ ✐♠♣✉❧s❡ ❤❛♠♠❡r✳ ❋♦r t❤✐s
tr❛♥s♠✐ss✐♦♥ s✉✐t❡✱ ❜♦t❤ t❤❡ ❞✐❛❣♦♥❛❧ ❛♥❞ ❤♦r✐③♦♥t❛❧
♣❛t❤s ✇❡r❡ ✐♥✈❡st✐❣❛t❡❞✳
❚❤❡ ♠❛✐♥ ❛✐♠ ♦❢ t❤❡ ❧❛❜♦r❛t♦r② ♠❡❛s✉r❡♠❡♥ts ✇❛s
t♦ ✐♥✈❡st✐❣❛t❡ t❤❡ ✐♥✢✉❡♥❝❡ ♦❢ ✈❛r②✐♥❣ t❤❡ ❡①❝✐t❛t✐♦♥
♣♦s✐t✐♦♥ ♦♥ t❤❡ tr❛♥s♠✐ss✐♦♥ ❢✉♥❝t✐♦♥✳ ❚❤❡r❡❢♦r❡ ❛
♥✉♠❜❡r ♦❢ ♣♦s✐t✐♦♥s ✇❛s ❝❤♦s❡♥ ♦♥ t❤❡ ✉♣♣❡r ✇❛❧❧
✭❞✐❛❣♦♥❛❧ tr❛♥s♠✐ss✐♦♥✮ ❛♥❞ t❤❡ ❧♦✇❡r ✇❛❧❧ ✭❤♦r✐③♦♥✲
t❛❧✴❞✐r❡❝t tr❛♥s♠✐ss✐♦♥✮ t♦ r❡♣r❡s❡♥t ❞✐✛❡r❡♥t ✜①✐♥❣
♣♦✐♥ts t❤❛t ❝♦✉❧❞ ❜❡ ✉s❡❞ ❢♦r s❡r✈✐❝❡ ❡q✉✐♣♠❡♥t✳ ❋♦r
❞✐❛❣♦♥❛❧ tr❛♥s♠✐ss✐♦♥ t❤❡ ❞✐st❛♥❝❡ t♦ t❤❡ ♥❡❛r❡st st✉❞
❛s ✇❡❧❧ ❛s t❤❡ ❞✐st❛♥❝❡ t♦ t❤❡ ❚✲❥✉♥❝t✐♦♥ ✇❛s t❛❦❡♥
✐♥t♦ ❛❝❝♦✉♥t✳ ❋♦r ❤♦r✐③♦♥t❛❧ tr❛♥s♠✐ss✐♦♥✱ t❤❡ ❞✐r❡❝t
♣❛t❤ ✇❛s ❛ss✉♠❡❞ t♦ ❜❡ ❞♦♠✐♥❛♥t❀ ❤❡♥❝❡ t❤❡ ❞❡♣❡♥✲
❞❡♥❝② ♦♥ t❤❡ ❞✐st❛♥❝❡ t♦ t❤❡ ♥❡❛r❡st st✉❞ ✇❛s ✐♥✈❡s✲
t✐❣❛t❡❞ ❢♦r t❤✐s s✐t✉❛t✐♦♥ ♦♥❧②✳

❋✐❣✉r❡ ✷✳ ❙❦❡t❝❤ ♦❢ t❤❡ t❡st r✐❣✳
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Wall-Floor-Wall-juntion

❋✐❣✉r❡ ✸✳ ❊①❝✐t❛t✐♦♥ ♣♦s✐t✐♦♥s ♦♥ t❤❡ ❢r❛♠❡✇♦r❦ ✇❛❧❧ ✐♥
t❤❡ ❧✐❣❤t✇❡✐❣❤t t❡st r✐❣ t❤❛t ✇❡r❡ ✉s❡❞ t♦ ♠❡❛s✉r❡ ❞✐❛❣♦♥❛❧
tr❛♥s♠✐ss✐♦♥ ✭♥❂✹✺✮✳

✷✳✸✳ ❋✐❡❧❞ ♠❡❛s✉r❡♠❡♥t s❡t✉♣

❚❤❡ ✜❡❧❞ ♠❡❛s✉r❡♠❡♥ts ✇❡r❡ ❝❛rr✐❡❞ ♦✉t ✐♥ ❛ s✐♥❣❧❡
❢❛♠✐❧② ❤♦✉s❡✳ ■♥ ❝♦♥tr❛st t♦ t❤❡ ❧❛❜♦r❛t♦r② s✐t✉❛t✐♦♥✱
t❤❡ t✐♠❜❡r ❢r❛♠❡ ❝♦♥str✉❝t✐♦♥ ✇❛s ♠♦r❡ ❝♦♠♣❧❡①✳
❚❤❡ ✇❛❧❧s ✇❡r❡ ❝♦✈❡r❡❞ ✇✐t❤ ♦♥❡ ❧❛②❡r ♦❢ ✶✺ ♠♠
♣❧❛st❡r❜♦❛r❞ ♦♥ s✐❞❡ ❛♥❞ ❛ ✶✺ ♠♠ ❖❙❇ ♣❛♥❡❧ ✐♥
❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ ✶✺ ♠♠ ♣❧❛st❡r❜♦❛r❞ ♦♥ t❤❡ ♦t❤❡r
s✐❞❡✳ ❚❤❡ ❝❛✈✐t✐❡s ✇❡r❡ ✜❧❧❡❞ ✇✐t❤ ✜❜r❡ ✐♥s✉❧❛t✐♦♥
♠❛t❡r✐❛❧✳ ❚❤❡ t✐♠❜❡r ❥♦✐st ✢♦♦rs ✇❡r❡ ❝♦✈❡r❡❞ ✇✐t❤
❛ ✢♦❛t✐♥❣ s❝r❡❡❞✳ ❚❤❡ ❝❡✐❧✐♥❣ ✇❛s ❝♦♥str✉❝t❡❞ ✇✐t❤
✶✺♠♠ ♣❧❛st❡r❜♦❛r❞ ♦♥ ❛ ✇♦♦❞ ❜❛tt❡♥ ❝♦♥str✉❝t✐♦♥
t❤❛t ✇❛s s❝r❡✇❡❞ t♦ t❤❡ ✢♦♦r ❥♦✐sts✳ ❚❤❡ ❝❛✈✐t✐❡s ♦❢
t❤❡ ✢♦♦rs ✇❡r❡ ❛❧s♦ ✜❧❧❡❞ ✇✐t❤ ✜❜r❡ ♠❛t❡r✐❛❧✳
❉✉❡ t♦ t❤❡ ❧✐♠✐t❡❞ t✐♠❡ t❤❛t ✇❛s ❛✈❛✐❧❛❜❧❡ ♦♥ s✐t❡✱ t❤❡
♥✉♠❜❡r ♦❢ ♠❡❛s✉r❡♠❡♥ts ✇❛s r❡❞✉❝❡❞ ✐♥ ❝♦♠♣❛r✐s♦♥
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