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Development of a ground grinder of low fugitive dust emission

for construction engineering
Student : Yi-Sung Chen Advisor : Chuen-Jinn Tsai

Institute of Industrial Safety and Risk Management
College of Engineering

National Chiao Tung University

ABSTRACT

Many researches have demonstrated that free crystalline silica causes damage to
human health when inhaled into the lung. Because construction industry is one of the
sector which has high expose to free crystalline silical'l, therefore this study aims to
investigate methods to reduce fugitive dust emission in the work environment.

The fundamental methods to improve the air quality of workplaces are removal of
pollutant sources and prevention, of the emission of pollution. For automatic
manufacturing processes, it;is easier to implement the control and management
strategies which are effective to solve the pellution problems. However, it is much more
difficult for the construction industry-to adopt: the management strategies due to its
variability, complexity and-big demand for laber-intensive operations. Our government
enforced the air pollution control of construetion sites by collecting air pollution fee
from the industry to execute air ‘pollution auditing and control, and to reduce the dust
emission. But there is still no significant improvement of air quality in the construction
sites.

This study modified a ground grinding machine with a dust collecting device and
conducted field measurements in the dry grinding operation of construction sites to test
its effectiveness. Test results showed that the maximum and average dust concentrations
were 67.64 and 7.33 mg/m’, respectively, in the indoor work environment if the
conventional ground grinder was used. In comparison, the maximum and average dust
concentrations were 4.41 and 0.84 mg/m’, respectively, if the present low-emission,
dust-collecting ground grinder was used. The average dust concentration was reduced
by as much as 94 % for the new grinder. The low dust emission grinder developed in
this study reduces the fugitive dust emission effectively and improves the air quality of

the workplaces in the construction industry.

Keywords: fugitive dust emission, grinding operation, construction engineering, dust

control in the workplaces
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Dust Trak # # 73

BIHRID C O0R § Sk Ech s, 4 i A R £

£ I# % 1 LCDZ $#0.001 ~ 100 mg/m* (11SO 12103-14% 2 {2 1 )
7 £ RIPM10 ~ PM2.5 ~ PM1.04c7 v B 45 B (GL 16 % b B)

T E P A 1.4~ 24 L/min

FIEER D 0~50C

PR K B 1~ 607 K

edka 41V 3e4530,0000 b FRLEE, e g IR K o

'ﬁjé‘ﬁﬁ;f]:'z D 2% 2.2:0.010 ~ 100 mg/m’ AR
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Frk A
1.42 Dust Trak # "} RIS AR B3 FF 1 % RIBE -
2§ BEHEErT KX ERE -
3.4 PER ¥ Bk 25 104) o 45 fR TIME CONSTANT4E ® 3| % %+ &7 510 &
{6 3R o
4.5 F10~60f/ 7 ¥ Sl T RRBEETELE o
5.% ¥ ¥ 80 8 5-0.001~+0.00lmg/m’2 & > Dust Trak§ "4 R B2 3 % iFF
I oy T BACER > R T HHOSSRHRENRLFE
6.4% F # L CALIBRATE4E S 3| ¥ 5 887 M#ic: B > A2 Tl gt LS &
¢ %57 CALIBRATE ZERO - 42 B 7 B feid— =< o
7.4 SAMPLE4E X % #604) Flfic o ¥ 2+ E3 M - ¥ F 2 B 7 P S ORI | o
8.4 CALIBRATESE v 3| R pyin R B L GFF = & -
FRPMI03k# ~ v 2 FEHE
FRMRGFE T R CIGER O FHU AR AR R BRI o § R
PF ¥ %327 SERVICE4 > % 77 & 7 f 7% o 4 @ @30 L 87 ¥ > Dust Trak§ "
TRIEZH R o
LT R B FAp i ETRE Y o (F %EAZ $0.1 mg/m?)
2.5 #-Dust Trak -
3ATEFAR v oE e o
4% * FEE AT B BT BB
SFRBREE F BB e @ F A B RGFIFEC e P ORI KA B2 3R 4R
Fo(ATRYBEBIFFHRET R FIBRIF € AR E» KFERPEL 25
AL FK K)o I TSIHHE Bod R bk FF R E 3o
6#ﬁﬁ§3ﬁw$%ﬁr@i?ﬁ%liﬁ$o

7% KT EH o
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9.8 #4-Dust Trak ¥ i#| B & 4 4% i CALIBRATE4EPF £ = v 3= - ixdh T ¢ £ 5 p

{'Kf{ 15@13(‘331—’!’1.,\_‘% ga/{ﬂ LR E]J fé@mzﬁ ,%:’ﬁ&_ EF T
R gFEHENE

R Rk ®Dust Trak & B Bengp /i £ 5 1.7 L/mine £ 7 5:E T 725 KL -

f—

BRI EZT 0 FAFEF BEE T e

2.0 F B i 4iE ki £ 3 Dust Trak § Bl Bt T o

3. % Dust Trak & | B 38 (TpF » 1% By 75 4% i i Skde =+ @ # & Dust Trak § 2] %+ 5
B 2 AR 5% 0 s % Dust Trakehdd § £ o 33 & Dust Trakeryn £ @ j& 7R in £ 35 e
i@ % 1.7 L/min °

4%,%'4: /alk/u —% 1 l; %*/:T‘L’E‘_’f".l} °
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N i

AR SR Y S U P

AFLARP PG YEL S DR o SR R 2

AL BB SFES A A o Ak R RO o P A B B el
BOER RS P E ARG IGRR R )= [ID;‘D;D‘j 00% » # # IDi % D4

AB G BALE T U T ST A S s R R o
2041 AAFLF RECELT AR RES 0 AP T F A B

(ID4) “TA& 4 s B A 5 B » PEFES T ER S 008 mg/m® > &< ER
% 67.64 mg/m*s T35k R 18.57 mg/m’e . ID4 F S 58 70 o b0 2L 5 E 3 =k R o
PWREE A G R R0 EE T FRANNBINFEEZEF Tk ID4 o
B ER ST AN 67.64mg/md e f AR B B i ID2 (- 3 Bk ITHCE ) o
FEFE S ER 5 0.09mg/m®s &S0k A& & 2643 mg/m® > T35k & 8.44 mg/m® >
T 3ok BAIR S 4 5 5496 - 1D322 IDLS 5 B A 7547 B3k (T4 > @ ID3 v ID1
hid pocidd > AR A FL ID3 S ¥ =R @ IDL G R MR - A i
Bhaw L ID] TR RV S G 889 A EIFEBBl kAR 5 0.11 mg/m? > B
ER E 6.85mg/m? - T332k A 2.09 mg/m®; ID3 3 "$ e BdF o Tk BN R X
5959% 0 A BT SOl ER S 0.09 mg/m? o B X kR 5 441 mg/md o T
ER 5 0.84 mg/m? »

242 5 AL BRRINT 3042 60 )T ok Ak R it ko M R %
Aw G IDL 030 f T3k L kR 5 4.65 mg/m® 0 60 ) 5 4.43 mg/m® > 30 #5260
FrenT kR A 227 mg/m? o 3ok B VIR S8 % 8596 « ID2 6130 45 dak 4
KRG 1394 mg/m® > 60 5 13.65 mg/m® > 30 /& 60 FinTIHER F 5 9.17
mg/m® > VR F 5% 439 - ID3 030 #; L 325 + )k R 5 1.95 mg/m® > 60 45 5 1.82
mg/m® > 30 /& 60 #)cnTEERF 5 0.95 mg/m? > V5335 949 - ID4 5330
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Fi)T o5 < kR 5 31.88mg/m®> 60 F 5 30.80 mg/m? > 30 #)£2 60 #)chT 3Tk R F
15.96 mg/m?® « &} iE#ciE > ht BN P 30 £/ 60 fyihga kBl ER AT
kR BIEApE BTN oA 30 4522 60 )T ISfcE T kR VRS S kA
% ID3 (949 ) >ID1 (85% ) >ID2 (439 ) >ID4 > ID4 i& 2k 8_f B i 4 d B & o

e TS o
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F 4-1 B R3S i chI 3-8 RS 5% (2005)

2, » » d’
FiRR %
A i LIg R EcE T e e
) e . 1 - Fﬁ_’ ;fia ’ = e 'ﬁxm _ | i ,'gﬂ*:” .
.. i R Y . . 1. T 1o CoE R
p =P - /,m}i ﬁ:;’(\: B 4 % X 3R 3 7f// FL W hi | 3 =R MmER BPER J/}E“‘ Fj)@f'}: ”
7 PR | R Emg/m®| mg/m? mg/m? %%
AR 114:54:34/15:15:00/00:20:26 | 1226 0.11 6.85 2.09 88.72% S
- =X
8/22 70% % ” 3
W HT (15:15:01(15:44:13/00:29:12 | 11752 6.15 0.30 (F#)
B 115:44:45(16:06:00/00:21:15| | 1275 0.09 26.43 8.45 54.49%
8/22 70% " X v o=
7} 4% [16:06:01]16:25:14/00:19:13}:.1153 5.544 0.72
R 116:26:14|16:47:0000:20:46 | 1246 0.09 441 0.84 95.45%
8/22 70% v ” %= =
4% [16:47:01(17:06:41/00:19:40| 420 3.11 0.27
A 117:09:08/17:20:00/00:10:52| 652 0.08 67.64 18.57
8/22 70% X X =X
2 4% {17:20:01(17:50:13/00:30:12| 1812 42.73 3.29
L LIRS R BRPEPERN Ty BBl T
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42 BN F RS IS8 Rl 30 57 60 F) Tk R i

30 #581 60 T 53k B v

F B T o T o
= Fa T34y & , A , T 3ak bo LT
|l pw || |BR P . , B kR Tlregr | T L
B i fata B | TE R | R B B At 5 | #7 e ik i
mg/m?3 mg/m3
mg/m? %

Y 30 # , 1029 4.65 227 86.05%| %- =
1| 822 | 1 70% I# .

% 60 ) .| 0.33 4.43 227 86.05%| (&)

& 30 45 3 08 13.94 9.17|  43.78%| .
2| 822 | 2 70% 7 - =%

% 60 #; 0.61 13.65 9.17|  43.78%

=Y 30 4 5 =034 1.95 095  94.17%| .. _
3| 822 | 3 70% 1F) ¥ = &

X 60 #; 0.48 1.82 0.95|  94.17%

& 30 4 1.20 31.88 16.31 -
4 | 822 | 4 70% X 14 ¥ o =

x 60 F) 1.87 30.80 16.31
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TRLE-H RETESR RRREFFAES L fd a2 § 0 B
BB s kB A 40ch® i 0 A7 % IDI~ID4 5 Bk B RER 1 i
Bl > % doBl 4-1~4-4 417 o

445 IDAFN(FREFLE » 22 )T R ETHEREHE R Sk
%o MECS G B Bt o P B A s S S Ao R At R f 2P o
PHRBEER: AR RARFEMF R G Wz - X R 104 52 f(F =

il

TR IS0 20 M4 t) RERE T Z A (R F o F 17:09:08 B 4nkc
bR g 0 B 17:12:37 chpFig 0 30 T ok A 31.88 mg/m i B 0 RS
A2y R B E RN R F R RRARETT o AR RE S S 25-32 mgm?
2 o 17:20:00 B BF T R i 0k A7 B T R o 5 DR R FIE 4 TR BETE 0 MP LR
(85 42 18 BokERE AT SmgmPu T o 15 A48 % 3 ABIT R (0.15
mg/m?) o AFE G AT o FHE L AREA 0B ST B TG e R 2t f ¢
FCR R R R A G S 0 ID4 kPR 0 P EFRRERPTE (E i
TR R RO &

W42 5 D21 s FRFPEFNGRFELE > TF ¢ B)T cp LTHkA
PR R gk o SRR R RS A R AT e e s 2~ R E
£

o}

WE - D Bk R AR T R B A A 3N C R R B RO A B
P AT gl R - iR o P H R e e AR R S IR TS R - X
TR e AR AR AR e A B EA S R 0 F - A LW X
FRET ARG (BTN TF P P RRET kP i) d W EHF ¢ R
B o o d BT BT e ORI > AR BB AT B o R R B N
Bt fets > b Aol ™ § st Eoc I Bop g A AR 2 F Y o PROER
AR AR BB EFAE AR ARy 2 > 37 £ R S oA
Kt Flpt g e e R B R PRI R PR gy
ProtpE FEEEEN R AR FAIIE R - TR PR A € AR D e

%E“’i@ﬁﬂiﬁﬂ’%%&ﬂ§4'%mﬁﬂyjaﬂiﬁﬁﬁié§%
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AR R RE R AL TEESRI AT Ry s R T e F e ARl %
TRMBPIMI R ATR RFEIEE S RS E TR oo dopt — KT
FEFRPHREFF ISR DB AR T
Frg P A 1AV ARREA L 5 - i hiho

§15:44:45 B hppcbo R g 0 3 0B AR R BB § 0 B 15:53:14 chpE i
30 fyenT 3ok Rt 13.94 mg/mPh Bed 0 25 HT 8 4 29 fenpE R RN e
ZHEBERRZITE B B9 5 12~14mymP2 B o 3 16:06:00 & B B A7 45 7
o kR FIE A4 R O o SEERE AR K A B o 2 16:16:14 pEYE T
0.12 mg/mP48:T % « FREX 10 4 14 ) - B 4-2 ¢ DRk R F @ e iT(A &)
TRAFLAHRABEFEFEFSPRIFHEBETE S OPP -

B 4-1 5 IDI ¥t (ede B2 7 ¢ BT R ATIEEAEFT R D
S PR LR - R B L 2 R R RS R R ek
DATFEAEFALFE ) FEFFADE LR RS ERAYRE -
14:54:34 B 4opado 7 B pp (s PP 00 L Bon dgade) - 3 0o A Jk R SEF P I 4
AR bHE B 0 B 15:11:0350p% % 230 §yeh-T ok & i 4.65 mgm’ s B 0 £ G
164 29 Ay R MR AR T g ) 5 4.2~4.6 mg
2o 15:15:00 PERE AT T R(F PR P B AR B Ak RN E PR
£ 3E b 4 0 & 15:24:03 BF 30 ) T 500k B © % Tl4BIT R 60 0.12 mg/m® ¥
FEFEQOA3H o B 4-1% HMERT B FPRAR) P LT 5% 4R
AR TE RS RRRE B S R o

Bl 4-3 5 ID3(22 ID1 5 4R HE5S) T 5 T30k B SEPF I 8 (1 ehi & o 2T
O % - B D RS ARG TR T AR ERER  E N G
Bl Bovt IDD 1% T 3ok B S0l - S @ o 16:26:14 B 4k B B (e - PF
BBk gk R N R Bk BB F o 3 16:29:13 hpE iz - 30
T EEREEB R 195mgm® MEEPN T R EERED T HEY S
1.5~2 mg/mz. B o> 16:47:00 PE b B AT 48 7 R (e — PR M B B B B) 0 st i
EE B Mo R 13 A 43 i 30 45 ik A S4BT R n 0.1
mg/m? e B 43¢ NIERF RF P IRAZ BE) RiIZEF % LR fic e
p@ﬁ%%ﬁﬁ%ﬁ%%ﬁﬁ%*ﬁ%§°

AR k- REBOEAFFEEL T REF RS - R R AR
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DI E PR AR R BcE S 1 ID3(1.95 mg/m?) <IDI1 (4.65 mg/m®) <ID2(13.94
mg/m*) < ID4 (31.88 mg/m?) 2~ & #V e 2 5 1 IDL (16 » 29 ) > T
2% £5 0.005 mg/m*) >ID3 (2 4 59 #j » L 355 ; 0.011 mg/m*)>1D2 (8 ~ 29 #; >
T 354 §5 0.027 mg/m*) >1D4 (3 4 29 ) » L3595 £, 0.153 mg/m?) » 3 ~ Hokif 4%
RS IDL (94 03 4) >ID2 (10 # 14 ) >ID3 (13 4 43 ;) >ID4 (29
A 3T ) e AEERRE ¥ - AR A (IDL) > e i e~ 3 A~ R B R
Fod P ook (F ) o B AR aul B ok 2 v U Re (R R AT AT g
Azerps ko R G R R ook o) 7§ ;a(jaﬂﬁgm T IHSD BREEE A
ks Be) o 21 ID1 A 2 ok g v B s BN A A o kit > (S E 4 p R
el R BRI E R R LB W RN TR R S u R (ID4)
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