MON HOC:

AM HOC KIEN TRUC

ARCHITECTURAL ACOUSTICS




MUC TIEU CUA MON HOC?

SINH VIEN NAM BAT DUGC NHUNG KIEN THUC CO BAN NHAT
VE AM HOC VA CAC UNG DUNG VAO THIET KE CONG TRINH
KIEN TRUC

SINH VIEN BIET CACH VAN DUNG NHUNG KIEN THUC DA HQC
VAO THUC TE QUA VIEC THUC HANH TiNH TOAN VA THIET KE
TRANG AM, CHONG ON TRONG CONG TRINH KIEN TRUC




YEU CAU POI VGI SINH VIEN?

>  SINH VIEN CO MAT DAY DU (> 80%) VA BUNG GIG

POC TRUOC GIAO TRINH TRUGC KHI LEN LOP

PHAT BIEU Y KIEN BAT CU LOC NAO CAM THAY CHUA HIEU
BAI




TAI LIEU MON HOC

GIAO TRINH CHINH:

CO SG AM HOC KIEN TRUC - VIET HA, NGUYEN NGOC GIA — NHA XUAT BAN XAY
DUNG

TAI LIEU THAM KHAO:

TCXDVN 355 — 2005 : THIET KE NHA HAT - PHONG KHAN GIA

TCXD 150-1986 : THIET KE CHONG ON CHO NHA G

TCXDVN 175:2005 : MUC ON TOI DA CHO PHEP TRONG CONG TRINH CONG CONG
ARCHITECTURAL ACOUSTICS (Elsevier Academic Press)

AUDITORIUM ACOUSTICS AND ARCHITECTURAL DESIGN (SPON Press)




CHUONG I ON TAP

DAO DONG

SONG CO

SONG AM

AM VAT LY VA AM HINH HQC




DAO DONG

DAO DONG CG DIEU HOA (DD DAN HOI, DD DGN)
DAO DONG PHUC TAP

NANG LUGNG CUA DAO DONG

DAO DONG TAT DAN

DAO DONG CUONG BUC




1.1. DAO DONG CG DIEU HOA

DAO PONG CO DIEU HOA LA DAO PONG KHONG POI THEO THG!
GIAN

MOT HE DAO DONG CO NAO CUNG BAO GOM
LO X0 DAN HOI (hé s6 dan hdi K)
PHAN TU DAO DONG (Khdi Iugng m)




1.1. DAO DONG CG DIEU HOA

DE KHAO SAT DAO DONG CG BIEU HOA, TA CHUYEN HE DAO
PONG THANG THANH DAO PONG TRON

PHUONG TRINH DAO DONG

X = asina)o.t




1.1. DAO DONG CG DIEU HOA
< CAC DAC TRUNG

= BIEN DO DAO PONG: PO DGI CyC DAI TU VI TRi CAN BANG
= ‘Xmax
= CHU KY DAO DONG T (s): THGOI GIAN CAN THIET BE m THUC
HIEN MOT DAO DONG TOAN PHAN

« TAN SO DAO DONG: SO DAO DONG TOAN PHAN THUC HIEN PUGC
TRONG MOT GIAY

f = (Ho)




1.1. DAO PONG CG DIEU HOA

« CAC MOI QUAN HE:




1.2.

HE DAO BONG PHUC TAP

« THUC TE THUONG GAP NHUNG VAT DAO BONG PHUC TAP CO
TiNH DAN HOI VA KHOI LUGNG LAN VAO NHAU > HE DAO DPONG
PHUC TAP

« HE DAO DPONG PHUC TAP: NHUNG DAO DONG PHUC TAP GOM
NHIEU TAN SO TRONG PO cO MOT TAN SO CO BAN VA NHUNG
TAN SO PHU HOA BAO PHU QUANH TAN SO CO BAN.




1.3. NANG LUGNG CUA DAO PONG

= NANG LUGNG CUA DAO DONG CG PIEU HOA:
E=E +E

>DONG NANG: CONG DO PHAN TU KHOI LUGNG m CHUYEN DONG

vGi VAN TOC v: 1

E. =—mvy
i 2

2

>THE NANG: CONG DO NGOAI LUC GAY RA PO DICH CHUYEN X:

1
E =—KX*




.4. DAO DONG TAT DAN

= THYC TE, MOI TRUGNG LUON LUON TON TAI LUC CAN (LUC MA
SAT) > BIEN DO DAO DONG GIAM DAN > NANG LUGNG DO
NGOAI LUC F TAC DONG GIAM DAN > DAO DONG TAT DAN

« NANG LUGNG DAO PONG TAT DAN CO HAI NGUYEN NHAN CO
BAN:

>NANG LUGNG KHUECH TAN (BUGC XA) VAO MOI TRUGNG XUNG
QUANH (CHUYEN THANH NANG LUGNG SONG)

>MOI TRUGNG TON TAI LUC MA SAT (CHUYEN THANH NHIET
NANG)

Trang = 13




1.5. DAO BONG CUONG BUC

= DE DUY TRi DAO DONG KHONG BI TAT DAN > TAC BONG LEN
PHAN TU M MOT NGOAI LUC TUAN HOAN (PHU HQP VGI TAN SO
DAO DONG CG BAN) > NGOAI LUC CUGNG BUC TUAN HOAN. KHI
PO HE THUC HIEN DAO PONG CUONG BUC

« HIEN TUGNG CONG HUGNG XAY RA KHI: TONG LUC BI TRIET
TIEU VA TONG LUC MANH LEN GAP BOI THE HIEN G BIEN DO
DAO DONG TANG LEN




II. SONG CO

SU HINH THANH SONG

MOT SO KHAI NIEM VA DAC TRUNG CUA SONG
SU GIAO THOA CUA SONG

SU KHUC XA CUA SONG

SU PHAN XA CUA SONG

SONG DUNG




I1.1. SU HINH THANH SONG CO

« MOI TRUGNG DAN HOI ?

= SONG CO (SONG DAN HOI) CHi TON TAI TRONG MOI TRUGNG
DAN HOI




MOT SO KHAI NIEM VA DAC TRUNG CUA
SONG

MOT SO KHAI NIEM

CAC DPAC TRUNG CUA SONG
VAN TOC TRUYEN SONG C (m/s)

BUGC SONG 2 (m)

CHUKY T T (s)
TAN SO f (Hz)

NANG LUUNG SONG




I1.3. SU GIAO THOA CUA SONG

= SU GIAO THOA LA SU GAP GG CUA CAC SONG
= MOI TRUGNG €O CAC SONG GAP NHAU GOI LA MIEN GIAO THOA

= MIEN GIAO THOA CO HAI DAC TRUNG QUAN TRONG
»TiNH CHAT DOC LAP CUA CAC SONG
>SU TONG HGP CUA CAC SONG




II.4. SU KHUC XA CUA SONG

= KHUC XA SONG TRONG MOI TRUGNG CO GIO

= KHUC XA SONG DO NHIET B0




< KHUC XA SONG TRONG MOI TRUGNG CO GIO
= GIO CUNG CHIEU TIA SONG > PHUONG TRUYEN SONG CO XU
HUGNG LECH XUONG

= GIO NGUGC CHIEU VGI TIA SONG > PHUONG TRUYEN SONG c0
XU HUGNG DI LEN

Acoustic
shadow

Trang = 20




< KHUC XA SONG DO NHIET

= VAO BAN DEM > —
TIA SONG HUGNG
LECH XUONG

Cool air

S
A R D N
A

= VAO BAN NGAY >
TIA SONG HUGNG
Pl LEN

Warm air

Acoustic Acoustic
shadow g ~ shadow

e,
Trang = 21 B




II.5. SU PHAN XA CUA SONG

= KHI KiCH THUGC BE MAT PHAN XA LGN HON CHIEU DAI BUGC
SONG > TA CO PHAN XA DINH HUGNG (PHAN XA MAT GUONG)
TUAN THEO DINH LUAT QUANG HINH HOC.

« TRONG KIEN TRUC QUAN TAM DEN PHAN XA G 2 KHIA CANH:
»>PHAN XA DINH HUGNG
»NANG LUGNG PHAN XA DINH HUGNG




11.6. SONG DUNG

« TRUGNG HQP DAC BIET VE SU GIAO THOA HAI SONG

« HINH THANH DO SU CHONG LEN NHAU GIGA HAI SONG PHANG
cO BIEN DO VA TAN SO NHU NHAU CUNG PHUGNG NHUNG
NGUGC CHIEU NHAU.

= DAC DIEM:
»CAC PHAN TU MOI TRUONG G BUNG SONG SE BI KEO CANG
»CAC PHAN TU MOI TRUONG G NUT SONG SE BI EP CHAT VAO




l1l. SONG AM

. DAO DONG AM

. TiNH BINH HUGNG CUA NGUON AM

. SU PHAN XA VA HAP THU SONG AM
. DAI LUGNG VA DON V] AM

. THINH GIAC DINH VI

. TAC DUNG LUU AM CUA THINH GIAC

Trang = 24




l1l.1. DAO BONG AM

= SONG AM LA SONG DAN HOI (SONG CG) THiNH GIAC NHAN BIET
PUQC.

= SONG CO CO TAN SO TU 20Hz DEN 20.000Hz THIiNH GIAC CO THE
NHAN BIET BUGC

« TAT CA NHUNG KHAI NIEM VA HIEN TUGNG VE SONG CG G TREN
PEU CO THE AP DUNG CHO SONG AM




l1l.1. DAO BONG AM

< MOT SO PIEM CAN GHI NHG
= MOI QUAN HE BUGC SONG, TAN SO VA VAN TOC TRUYEN SONG:

=2 (m)

« VAN TOC TRUYEN AM TRONG KHONG KHi:  C =330+0,6t (m/s)
= TRONG DIEU KIEN BiNH THUGNG: t =20° > C =340 (m/s)
= SU KHUC XA SONG AM: DO NHIET VA DO GIO

= SU PHAN XA CUA SONG AM: TUAN THEO BINH LUAT QUANG HIiNH HQC

Trang = 26




l1l.1. DAO BONG AM

« KHA NANG NHAN BIET AM THANH CUA LOAI NGUOI:
Cytles por second

300 W8 F05001000 3J000 19,000 0,000 106000 150,000

Trang = 27




111.2. TINH BINH HUGNG CUA NGUON AM

» TINH DINH HUGNG: SU PHAN BO NANG LUGNG TRONG KHONG GIAN.

= SU PHAN BO NANG LUGNG AM MANG TiNH CHAT:

>BUGC SONG LGN HON NHIEU SO V61 KiCH THUGC NGUON AM >
NANG LUGNG AM PHAN BO PEU TRONG KHONG GIAN

>BUGC SONG NHO HGN NHIEU SO VG1 KicH THUGC NGUON AM >
NANG LUGNG AM CHi TAP TRUNG QUANH TRUC BUC XA (TAN SO
CANG CAO > CHUM TIA CANG HEP)




11.3. SU PHAN XA VA HAP THU SONG AM




111.4. DAI LUONG VA BON VI AM

a. DAl LUGNG THUAN TUY VAT LY
b. DAl LUONG TAM LY VAT LY
c. DAl LUGNG TAM LY THUAN TUY

Trang = 30




lI1.4.a. DAl LUGNG THUAN TOY VAT LY

= AP SUAT AM (P)
= CUGNG D0 AM (1)
= AM CHUAN

= MAT PO NANG LUGNG AM




< AP SUAT AM

= AP SUAT AM (P): P=C.pv

= DON VI: DO AP SUAT AM TiNH BANG P :% (N/m?) hay (bar)

Ibar =10°N / m? ~1at (atmotpher)
Ibar =10°mbar =10° ybar

=« AP SUAT AM TRONG PHAM VI NGHE BUGC:

2.10* +2.107* pbar




< CUONG B0 AM

= CUGNG DO AM (1): SO LUGNG NANG LUGNG AM QUA MOT BGN V| DIEN
TiCH TRONG MOT DON VI THOI GIAN

- 2 2
« SONG PHANG: | — = (w/m?2); (jun/m?s) = | ——

St poC

« SONG CAU: =N

Ay
>SONG PHANG | KHONG PHU THUOC VAO KHOANG CACH PEN NGUON
>SONG CAU I Ti LE NGHICH VGI BINH PHUGNG KHOANG CACH

Trang = 33




DT mit céiu
4mr?
Ngudn dm [



< AM CHUAN

« AM CHUAN: TRONG TiNH TOAN, QuI UGC LAY AM DGN TAN SO
f=1000Hz LAM CHUAN DE SO SANH, GOI LA AM CHUAN

= VGI AM CHUAN, AP SUAT AM VA CUGNG DO AM NHO NHAT
THINH GIAC NHAN BIET BUGC:

P, =2.10" (N/m?) = 2.10~*(ubar)
|, =107 (W/m?)

Trang = 35




< MAT DO NANG LUGNG AM

« MDNLA E : NANG LUGNG AM CHUA TRONG MOT BON VI THE
TICH MO! TRUGNG CO SONG.

— —
E=— (jun/cm’
. { )

= TINH TOAN SUY RA:

P2




l11.4.h. DAl LUONG TAM LY VAT LY

» NGUONG NGHE

» NGUONG CHOI

» BEL VA DECIBEL

= MUC CUGNG DO AM; MUC AP SUAT AM

= QUANG PO CAO (QUANG TAN SO, OC TA, BAT D0)




= HIEU QUA NGHE LIEN QUAN DEN PAC DIEM SINH LY CUA TAI NGUGI

« AM CO TAN SO KHAC NHAU, GAY CAM GIAC MANH YEU KHAC NHAU

Trang = 38




< NGUOGNG NGHE VA NGUGNG CHO!I

= NGUGNG NGHE: CUGNG D0 (HAY AP SUAT) AM NHO NHAT CUA MOT

SONG AM NAO DO THINH GIAC NHAN BIET BUGC
| @

-
N

= NGUGNG CHOI: CUGNG PO (HAY AP SUAT) AM LGN NHAT CUA MOT
SONG AM NAO PO THINH GIAC CHIU BUNG BUGC




< BEL VA DECIBEL
= KHI CUGNG DO AM TANG TU | BEN I, CAM GIAC NGHE TO TANG
TV LE VoI 1o L
|

0

« DUNG THANG LOGARIT CO SO 10 BE D0 MUC CAM GIAC MANH
YEU CUA AM THANH NGHE DUGC. DGN V| LA Bel HAY dB (decibel)

« Bel LA DON VI BIEU THI BANG THANG DO LOGARIT CO SO 10 CUA
TY SO GIUA HAI I, P, W, E (GOI LA MUC CUGNG PO, MUC AP
SUAT, ...)

Trang = 40




< BEL VA DECIBEL

- = = |
« MUC CUGNG DO AM: L, =10Ig = (dB)

0

= P
- MUC AP SUAT AM: L, =20lg— (dB)

F)O

= MUC CONG SUAT AM: L. =1OIgEE (dB)
0

» MGC CONG SUAT Am: L, =1OIgV—VVl (dB)

0

Trang = 41




% QUANG DO CAO (QUANG TAN SO; OC TA; BAT D0)

» QUANG TAN SO CUA HAI AM LA KHOANG CACH TAN SO CUA HAI
AM PO
= fof . T2 o
« NEU CO HAI AM CO TAN SO LAN LUJT "= '2° "¢ =
1

KHI x=1: ‘2-2 > GOILA 1 QUANG TAN SO (1 0C-TA)

1

- KHI x:%; %:ﬁ > GOI LA NUA 0C-TA
1

1.
—32 > GOILA - OC-TA

= KHI x:E: f, 3

Trang = 42 3 Tl




% QUANG DO CAO (QUANG TAN SO; OC TA; BAT D0)

« TAN SO TRUNG BiNH CUA MOT QUANG PO CAO

f, =4 f.f, (H2)

« TAN SO TRUNG BiNH CUA 1 0C-TA DAI DIEN CHO TiNH CHAT CUA
AM TRONG DAI OC-TA DO.




% QUANG D0 CAO (QUANG TAN SO; OC TA; BAT D0)

= QUANG TAN SO PUGC NHIEU NGUGI CONG NHAN

Oc ta g 90-180 |180- |[355- |710- | 1400-
355 710 1400 | 2800

llllllMllllllllllllli!llIllIllImlllIIMIHIMMIM

Audible 1re-:| U ncy rangs

B3 He 125 He 250 He 500 He 1000 He 2000 H= 4000 He =000 He
PP

1 oclawa

Trang = 44




Il.4.c. DAI LUGNG TAM LY THUAN TUY

= MUC TO (FON-F)
=0 TO (SON)




< MUC TO

= MUC TO CUA MOT AM BAT KY BANG MUC AP SUAT AM cUA AM
CHUAN DO BANG dB €O CUNG MUC TO vGI AM DO

» DON VI MUC TO: FON (VIET TAT LA F)

P
L=20lg— (F
9= (5)

0




b0 TO

= D0 TO (SO SANH AM NAY TO HGN AM KIA BAO NHIEU LAN)

=0 TO LA THUOC TINH CUA THINH GIAC CHO PHEP PHAN DOAN
TINH CHAT MANH YEU CUA AM THANH

= DON V] DO TO: SON (VIET TAT LA S): 1 SON LA PO TO CUA AM
TAN SO 1000Hz G MUC CUGNG D0 40dB

1Son =1000mSon

= QUAN HE GIUA DO TO VA MUC TO: Qr— 29LF=40)




Uc TO ciia H.Fletcher va W.A.Munson

g

% BIEU PO BONG M

=
£
3
g




111.5. THINH GIAC DINH VI




11.6. TAC DUNG LUU AM CUA THINH GIAC

= NEU HAI AM NHU NHAU BEN TAI NGUG!I CACH NHAU NHO HON 50ms
> NGHE NHU MOT AM DUY NHAT

=« QUANG DUGNG CHENH LECH GIUA HAI NGUON AM DONG BO KHONG
QUA 17m




IV. AM VAT LY VA AM HINH HOC

1. AM VAT LY

2. AM HINH HOC (TIA BUC XA AM)




IV.1. AM VAT LY

« AM VAT LY: LY THUYET NGHIEN CUU BAN CHAT DAO PONG SONG
CUA AM THANH

« VAN DUNG AM VAT LY DE PHAN TiCH > CHO KET QUA CHINH XAC
NHUNG PHEP TiNH CONG KENH VA PHUC TAP

> KHONG THE SU DUNG PE TiNH TOAN

Trang = 52




IV.2. AM HINH HOC

« AM HINH HOC: NGHIEN CUU TiNH CHAT cUA AM THANH BANG
PHUGNG PHAP TIA AM

» PHUGNG PHAP TIA AM: COl SONG AM TRUYEN Pl TRONG KHONG
GIAN NHU NHGNG TIA BUC XA, TUGNG TU TIA SANG - TIA PHAN XA
TUAN THEO DINH LUAT QUANG HINH HOQC

= AP DUNG NGUYEN LY AM HiNH HOC DE THIET KE MAT PHAN XA
M

Trang = 53







Trang = 55




Trang = 56






