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The Size Characteristic of Particles generated during Road Tunnel Construction Work

Jang-Jin RyoojF + Jae-Gil Jang - Byung-Kyu Lee - Si-Jung Jung * Sung-Jin Kim + Kwang-Jong Kim

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

In tunnel construction work, major dust-generating activi-
ties are blasting rock, rock drilling and transport operations.
The aim of this study was to find the characteristic of
particle size of dusts which were generated during road
tunnel construction work using the New Austrian Tunneling
Method(NATM). An 8-stage personal cascade impactor was
used for particle size-selective sampling by area sampling
method. Paired samples for total(closed-face 37-mm casse~
tte holder) and respirable(10 mm-nylon cyclone) dust were
taken to compare with the results of cascade impactor at the

the ACGIH TLV. The mass fraction of inhalable, thoracic, and
respirable particulate defined at ACGIH TLV are 84.0%,
67.2%, and 43.1%, respectively. The arithmetic mean ratio of
inhalable particulate mass to respirable particulate mass is
2.04 for paired sample, 1.95 for cascade impactor sample,
which showed much lower than those of other construction
tasks. We conclude that the dust generated during road
tunnel excavation has about 50% respirable fraction in inha-
lable particulate mass.
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Table 1. The characteristics of the surveyed tunnels
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Area Tunnel length(m) Excavation length(m)  Excavation method — Type of excavation " Type of road
Taebaek 2470 400~700 NATM 3, 4 type one tunnel, 2 lines one-way
Goesan 3,100 1,500~1,700 NATM 3 type two tunnels, 2 lines one-way

T NATM : New Austrian Tunneling Method

T 1~3 type :no support excavation, 4~5 type : support excavation
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Table 2. MMAD and GSD of blasting dust
Tunnel No. of sample MMAD(/,zm)Jr GsD' Remark
Taebaek 6 427 445
Goesan 6 3.58 4,08
Total 12 3.90 430

T MMAD : Mass Median Aerodynamic Diameter

F GSD : Geometric Standard Deviation(Dss;sMMAD or MMAD/D;;s57)
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Figure 1. MMAD of dust at Taebaek tunnel.
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Figure 2. MMAD of dust at Goesan tunnel.
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Figure 3. MMAD of dust at two tunnels.

YRR S EA)ERI0] 2pA| 8= H]
£o] oF 50%=2A, & 5(1991)°] Hargt
Aekite] 71% FgE7 o ot Q)%
X ATAelA =AY 9197
1.8 "2.6/me k= A4 AEREA L] F9
o7 437 6.6mHTE= 2R Ao 7 e}

Fl

St

EHyy dAE2.S vty olAl R 7o)
=46 B

0 BRI Al o) £

e 25 S wiEE e uAara
o] %"E Ao w29 5 Qlrk wzbi g

Gl ARfel M BAE = EA10] Y

1 = oﬂ?‘)ﬂ’ﬁ ’\]‘“16} cas-
cade 1mpactor4 7} Al m AR (1m
nRho] A== 8¢k, 96k 2 wpxut
Elo] fragAdzgol 242+ 0.93 m 0.52
m, Oum=A] TARERIC] YHEA wAEE
Rl lolle F=ae] @7t Ak
Ty T EEAYelA 052 )R]
Was 7 mAlERI e Sl Eo] 47
0SUEENS 1B6(E ) o2
A HeRt bARRe) dke i3]
AR = SASik

2. T, 71A HHY, 284
=3 TS

ACGIH®IM o3t 5904, 7184 A
23, 359 Tl fofP* Hih i
A Idass o
I, 718 A X‘%W i—’“ B2 Z%k
HE(%) S Hﬁﬁﬂéi LR 3
71—1;].

ZFAeuix e eadA) Rl &
W, 718A] A W s FARERE T
2|8 ZH2) 82.8%, 64.1%, 2 38.4% %
ey, SRS EEdde] 4
9= 27} 85.1%, 70.3%, 9 479%% %
APEQITE o] AIE MMAD A
(LA BA 427m FEIAFAY 358
m o}t Vs el Ag9I8iAo]

A e FHRIAA0] BIRAY FEAE

l:M
_\3

01

A Fa)go] ARFN7e] Jrie.
2 2 7490 Bdadnct B e

=k

Table 3. Inhalable, thoracic, and respirable particulate mass fraction of dust generated in tunnel construction

Mean particulate mass fraction(%)

Tunnel No. of sample IPM(S.D) TPM(S.D) RPM(S.D)
Tacback 6 82.8(1.53) 64.1( 445) 384( 5.19)
Goesan 6 85.1(4.03) 70.3(11.05) 47.9(11.76)
Total 12 84.0(3.15) 67.2( 8.65) 43.1( 9.98)
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Figure 4. Inhalable, thoracic, and respirable particulate mass fraction.
T 70 @] whE AAAgel sk 349} 2k
ol B0, 718 A 9 BEE
2 %) 22 84.0%, 3. Cascade impactor®f closed face
67.2%, 2 43.1%°]™, cascade impactor 2t 37—mm cassette holder & nylon
SAE A SERE(%)S AAIS] AA cyclone SA4A 7.0 A} vjal

A

g

g

ﬂli
nx

T WA 945

o,

11

—_

¥ 5+ cascade impactorZ 793+ Y
gk SR HelA] F/3 Exlo] 2 Jﬂ%
closed-face 37-mm cassette 2} &7
o] A= 10 mm nylon cyclones S
o] Aoz dAste] S A= cas-
cade impactor= =793+ A3}o} SFAIE
7 Sl st S99 T e
o] v vlagk Zlofr} AA R 5543

1 sl vish FUEA w52 o]
R 04’8“ K1), cascade impactor
2 2733 AR =28l st
FeA % )89 W= 1.95(84.0/
43.1)2A] oRE B Eo® URERITE

Aedz2 = 7ol ede] 29
HA| 59} cascade impactor A E.0] T4
B2 SREel sk F9/38A Zahd]
[e]

&9 A7} 2442} 2373} 2190190, F5
TAEA S B E 717} 1,949} 1,852 FA]
29] H]7} cascade impactor A|5.0] H]HT}
AAH SR o7k A eRtt o) &
A7 FEAEA B2 el AR

<

Table 4. Inhalable, thoracic, and respirable particulate mass fraction of each stage in cascade impactor

*

. N
Stage no.  No. of sample E(/SI]I?) Mean corrected mass fraction IPI\I\/Zean partlcula:[[epﬁass fractlon(g)M

1 12 >21.3 0.090 5.1 0.1 0.0

2 12 14.8 0.085 5.7 0.9 0.0

3 12 9.8 0.109 8.1 37 0.1

4 12 6.0 0.162 132 10.8 1.0

5 12 3.5 0.164 143 14.1 59

6 12 1.55 0.135 12.6 12.6 11.1

7 12 0.93 0.075 72 72 72

8 12 0.52 0.060 59 59 59
Back-up filter 12 <0.01 0.120 12.0 12.0 12.0
Total 1.000 84.0 672 43.1

" Effective Cut-off Diameter
T (Mean mass fraction) x (Sampling efficiency)
t (Mean corrected mass fraction) x (Collection efficiency) x 100

Table 5. The ratio of inhalable particulate mass to respirable particulate mass

Area sample*

Cascade impactor sample(arca)

Tunnel
No. of sample  Arithmetic mean S.D No. of sample  Arithmetic mean S.D
Taebaek 17 237 0.99 6 2.19 0.26
Goesan 14 1.94 1.18 6 1.85 0.34
Total 31 2.04 1.25 12 1.95 0.34

* paired sample for total and respirable dust
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