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Introduction

T h i s  is  a c o m p a n io n  pa p er  to  a p r e v io u s ly  p u b l is h e d  p a p e r 1 w h ic h  

p r e s e n t e d  a n u m e r ic a l  m o d e l  for  the  tra n s m is s io n  v ia  a f ire  stop  

th a t c o u p le d  t w o  c o rn er  jo in t s .  T h e  p r ese n t  pap er  e x p a n d s  u p on  

th e  p r e v io u s  w o r k  a l lo w in g  for  the  m o d e l l in g  o f  tr a n s m is s io n  v ia  

a f ir e  s to p  c o u p l in g  t w o  ‘t e e ’ jo in t s .  T h e  th ree  p la te s  o f  th e  ‘t e e ’ 

j o in t s  c o u ld  then  b e  the  f lo o r ,  u p p e r  and lo w e r  load  b ea r in g  party  

w a l l s .  T h e  f ire  s to p  c o u ld  b e  fo r m e d  by  runn ing  the  f lo o r  d e c k in g  

u n d e r  the  u p p e r  load  b e a r in g  party w a l l s .  F ig u r e  1 s h o w s  a 

m e c h a n ic a l  r ep re sen ta t io n  o f  th e  s y s te m  as a p p l ie d  to a d o u b le  

w o o d  s tud  c o n s tr u c t io n .

Joint Equations

In th is  pap er  w e  w i l l  res tr ic t  o u r s e lv e s  to  a m o d e l  o f  s im p le  

b e n d in g  w a v e s  and  the  e f f e c t s  o f  b e a m s  at the  jo in t  (in th e  form  o f  

j o i s t  h e a d e rs ,  s o l e  an d  h e a d  p la te s )  w i l l  b e  ig n o r e d .  S u ch  a m o d e l  

w il l  tend to  p re d ic t  s tr o n g e r  t r a n s m is s io n  than w o u ld  a m ore  

c o m p le t e  m o d e l ,  e s p e c ia l ly  at h ig h  fr e q u e n c ie s .  H o w e v e r ,  the  

s im p l i f i e d  m o d e l  w i l l  e n a b le  us  to rank order  f ire  s to p s  o f  var iou s  

s t i f f n e s s  an d  to  e x a m i n e  the  e f f e c t iv e n e s s  o f  va r io u s  trea tm en ts  to 

the  p la tes .

In d e r iv in g  the  e q u a t io n s  fo r  the  j o in t  it is  a s s u m e d  that e a c h  ‘t e e ’ 

is  p in n e d  ( i . e . ,  th ere  i s  no  trans la tion a l  m o t io n )  and  the f ire  stop  

that c o u p le s  the  ‘t e e ’ j o in t s  h as  o n ly  s t i f f n e s s .  If the  p la tes  o f  the  

‘t e e ’ jo in t s  are r ig id ly  c o n n e c te d  the  f o l l o w i n g  e q u a t io n s  o f  

m o t io n  c a n  b e  w r itten ,

$ 1  = ( l)2’ $ 2  = ~4» 4 3 = - 4 5. and ^ 5  = “ ^ 6  ^a] 
M , — M 2 — M 4 — M f = 0  and

M, -  M, -  M, +  M f = 0  , [1b]‘ 5 1 ,1 6 ' " ‘■ f  

w h e r e  cp is  th e  an g u la r  r o tation ,  and M  is  th e  m o m e n t .  T h e  

s u b s c r ip t  in d ic a te s  th e  arm o f  th e  jo in t  (a s  per  F ig u r e  1) w h i l e  the  

su b s c r ip t  T  refers  to  th e  f ir e  s to p  m ater ia l  that c o n n e c t s  th e  tw o  

‘t e e ’ jo in t s .  I f  th e  b e n d in g  w a v e  e n ters  the  j o i n t  fr om  p la te  1 then  

th e  f o l l o w i n g  e q u a t io n s  d e f in e  the  tr a n sv erse  d i s p la c e m e n t ,  in 

e a c h  arm,

J.YCOS0 , _l_ J 1 e+ik\ACosG
' + T n i e + k " ' X .)e-ik'ysi"0' , [2a]

^2 =

g-ik2zcosQ2+ T n 2 e - * - \ [2b]
' J '  g - I&3.VCOS63 + T n , e - k - \ [2c]

__  n r  ik4z  COS Q 4
— + Tll4ek"i l , [2d]

Ê3 =
rT  - i k ^ z c o s Q ^  

1 5 + Tn5e~k‘** [2e]

^6
—  T  t f ' V cos06
— 6 +  Tn6ek- \ [2f]

w h e r e  T  is  th e  a m p l i tu d e  o f  the  b e n d in g  w a v e  on the  p la te  

in d ic a te d  b y  th e  s u b scr ip t ,  the  ‘n ’ o f  th e  s u b scr ip t  in d ic a te s  the  

n ear  f ie ld  or  e v a n e s c e n t  w a v e ,  k is  the  w a v e  n u m b e r  for  trave l in g

w a v e s ,  k„ is  th e  w a v e  n u m b e r  for  the  e v a n e s c e n t  w a v e s  and 0  is  

th e  a n g le  o f  prop agat ion .  T h e  d i s p la c e m e n ts  g iv e n  in  E q u at ion [2 ]  

are rela ted  to  E q u a t io n [ l ]  b y ,

4 > . =

i

dx
and Af, =  —B]

d \  d \

dx1 d y

[3]

w h e r e  B is  th e  b e n d in g  s t i f f n e s s  o f  th e  p la te  an d  (J. is  P o i s s o n ’s 

ratio. E q u a t io n s [1 ] ,  [2] an d  [3] r ep resen t  a s e t  o f  s ix  s im u lta n e o u s  

e q u a t io n s  in v o lv in g  the  t w e l v e  u n k n o w n  c o e f f ic ie n t s .  S ix  

a d d it ion a l  e q u a t io n s  are o b ta in e d  by  u s in g  th e  f o l l o w i n g  bou ndary  

c o n d i t io n s  for  pu re  rotation  at the  p in n e d  ‘t e e ’ jo in ts :

T>+Tn]= - 1, T2 + Tn2= 0 , T3 + Tn3= 0 ,

+  r n4 = 0 ,  r 5 +  TnS =  0 ,  and T6 +  Tn6 =  0  [4]

N o w  a  s e t  o f  s i x  s im u l t a n e o u s  e q u a t io n s  c a n  b e  c rea ted  to 

d e s cr ib e  th e  a m p li tu d e  o f  the  b e n d in g  w a v e s  in  e a c h  o f  the  s ix  

p la tes .  F o r  practica l a p p l ic a t io n  n or m al in c id e n c e  w i l l  b e  

c o n s id e r e d  as  a c lo s e d - fo r m  s o lu t io n  ca n  b e  o b ta in e d .  It w a s  

s h o w n  in  a  p re v io u s  s tu d y 2 that th e  norm al in c id e n c e  resu lt s  for  

th is  typ e  o f  j o in t  o v e r  e s t im a t e  th e  tr a n s m is s io n  by  a b o u t  1 .8  dB .  

W e  w il l  a ls o  a s s u m e  that p la tes  2 ,  4 ,  5  an d  6  are s im i la r  ( i .e . ,  

c o n s tru c ted  o f  th e  s a m e  m a ter ia l) .  W h i l e  p la tes  1 and  3  are  

s im ilar .  T h u s  the  f o l l o w i n g  s im p l i f i c a t io n s  can  b e  m a d e ,

^ 2  =  Ki2 = — kn4  =  k5 — kn5 —  k(: —  kn6 , and

k\ —  kn] =  =  &n3 , a lso

B2 =  B4 =  B5 —  B6 , and B] =  5 - ,  .

[5]
U s i n g  th e  g en era l  r e la t io n sh ip  b e t w e e n  th e  jo in t  tr an sm iss ion  

c o e f f i c i e n t  and  the  a m p li tu d e ,

M2f  [6] 
w h e r e ,

k2 =  f c ,X  > an d  B2k2 = Y [ / 5 , / c ,  [7]

o n e  ob ta in s  E q u a t io n s  [8 ] ,  [9 ] ,  and  [1 0 ]  for  the  j o in t  tr a n sm iss io n  

c o e f f ic ie n t  w h e re ,

*.2  = 3 C V |  Tn

0  =

Bf
[ l i ]

T h e  jo in t  t r a n s m is s io n  lo s s ,  R ,  for  th e  path fro m  p la te  i to  p la te  j 

th o u g h  th e  f ire  s top  j o in t  is  g iv e n  b y ,

=  10 log—  [12]
t  y

In th e  sp e c ia l  c a s e  that all  th e  p la tes  are m a d e  o f  the  s a m e  

m ater ia l  (b o th  % an d  y  are u n ity )  and it ca n  b e  s e e n  that in  the  

l im it  that the  f ire  s to p  is  in f in i t e ly  s t i f f ,  the  j o in t  tr a n s m is s io n  lo s s  

from  p late  1 to  all  o th er  p la tes  is  1 2 .6  d B .  A s  the  s t i f f n e s s  o f  the  

f ire  s top  ten d s  to  z e r o ,  th e  j o in t  tr a n s m is s io n  lo s s  fr o m  p la te  1 to  

p la tes  3 ,  5 ,  and 6  t e n d s  to in f in i ty ,  w h i l e  th e  j o in t  tr a n s m is s io n
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loss to plates 2 and 4 tends to 9.5 dB (i.e., exactly that for a ‘tee’ 

joint).

Fire Stop Modelling

The effective bending stiffness of  the fire stop material is given

by,
E t3 1

B f = --------- —  -  [13]
1 (1— M- ) ^

where E is Young’s Modulus,  (i is Poisson’s ratio, and d  is the 

span of the fire stop. (Typically this is about 25 mm since this is 

the distance between plates in a double  stud wall.)

By examining equations [8], [9],[10], [11] and [13] it can be seen 

that the transmission across the fire stop can be minimized by,

1. Reducing the apparent stiffness o f  the fire stop. This can be 

done by using a thin material,  increasing the span, d, 

between the sole plates,  and using a material that  has a low 

Y ou n g ’s Modulus (E);

2. Increasing the bending stiffness o f  the source plate. (For the 

case shown this is plate 1. Plate  3 received the same 

treatment for symmetry.)

Reducing the apparent stiffness o f  the fire stop may not be 

practical if the assembly has already been built.  However, it is 

possible to increase the bending st iffness o f  plates 1 and 3 by 

adding a concrete topping directly to the exposed floor decking.

To illustrate the potential improvement to the sound isolation 

Figure 2 shows the predicted jo in t  t ransmission loss, R in dB, 

before and after plates 1 and 3 receive a 38 m m  thick concrete 

topping (surface density 91 kg /m 3).

Plates 1 and 3 (floor decking) are 16 mm thick oriented strand 

board (OSB), plates 2, 4, 5, 6 (party walls) are 16 mm gypsum 

board. Before the topping the maxim um  attenuation from one 

dwelling to the next across the fire stop was between 10 and 

15 dB (over the normal building acoustics range 100-4000 Hz). 

This would most certainly represent a serious flanking path 

especially if  the party walls offer a high degree o f  sound isolation 

potential (i.e. double stud construction).

However,  the model indicates that increasing the bending 

stiffness of  the source plate by adding a topping can greatly 

reduce transmission across the fire stop from plate 1. The  jo int 

transmission reduced by at least 15 dB, and at least 20 dB for 

frequencies where the flanking surfaces can efficiently radiate.

Conclusions

T he  simple model for t ransmission across a fire stop connecting 

two ‘tee ’ jo in ts  has shown that fire stops should not be formed 

from continuous surfaces.  However,  structural requirements may 

force connections between dwellings by continuous surfaces.  In 

such cases, greatly increasing the bending stiffness o f  the exposed 

surfaces can significantly improve sound isolation. This  may be a 

practical solution for both new constructions and retro-fit 

situations.
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Figure I : Mechanical representation o f  the joint.

Frequency (Hz)
Figure 2: Predicted transmission loss fo r  the various plates with 
and without a 38 mm thick concrete topping applied to the OSB 
flo or decking.
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