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An optimal mix design of sound absorbing block on concrete ballast in urban

train tunnel
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ABSTRACT: As spreading of train concrete ballast leads to the increase resounding friction noise, an porous sound absorbing
block is applied in urban train tunnel as a counterparts against the friction noise. Three steps of major variables tests for an
optimal mix design of the block are conducted to pursue the light weight of the block. Pilot property tests of the block for
the cases of the fly-ash only as lightweight aggregates are carried satisfying KRT(Korean Rail Transit) and new KRS(Korean
Railway Standards). Based on the results of pilot tests, required structural strength and admixture effects are evaluated.
Additionally, typical lightweight aggregates are replaced so that lightweight and strength are improved for serviceability
of poor working conditions and proper maintenance in urban train tunnel.
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Table 1. Case of sound absorbing blocks

Title Noise .
Product Co., Nation Reduct'lon Deake Remark
stz (o) coefficient | (dB)
(NRC)
Schallabsorber RD Natural hghttwelgh t
FCN, Deutsch 0.8 36 ;iﬁ:rg;:é
680 x 626 x 200
rectangular hole
LIAKUDTIK
Baus]t)e;lrifs-fhrlest, 0.8 3.0 Porous shale,
660 x 610 x 190
Noise Absorber Calcium silicate
VOSSLOH, Deutsch 0.7 3.0 X
660 x 610 % 170 wooden chip
BIW Awsin | 07 | 30 |Porou lsht weigh
660 x 460 x 210 aggregate
Schallabsorber Light weight
Rieder, Austria 0.7 3.0 aggregate,

660 x 276 x 220 Circle hole
Molbrand .
Bridge Stone, Japan 0.6 3.0 ﬁbgr?ctlainn?ngh;pg,ent

986 x 760 x 40
Soundabsorbingpanel FRP &r lfl’
L. artificial light
Tobishima, Japan 0.9 6.0 .
1,800 1,000 x 180 weight aggregate,
foaming agent
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Table 2. KRS of sound absorbing panel on track.
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Test item | Specification Satisfaction Limits sieve size (mm)
Consgfeesssswn KS F 2405 0 ¢,28days = 10.0 MPa Fig. 4. Sieve passing ratio of Fly ash
Tensile stress| KS F 2408 0 b,28days = 1.5 MPa Table 3. Sieve test result of Fly ash
KS F .
Impact 4770-3 No cracks & partial damage . . Retained .| Passing | Accumulated
Sieve | Retained . Passing . . .
- - . . ratio ratio |retained ratio
Freezing & Compression stress ratio = 60%, size (2 %) (2 %) %)
thawi KS F 2456 | Weight different ratio = 1.5%,
awing Non scaling on surface Smm | 157.04 | 1570 | 843.10 | 84.30 15.70
2.5mm | 283.40 | 28.34 | 559.70 | 55.96 44.00
>
Sound absorb| KS F 2805 NRC = 0.85 0.05mm | 55620 | 5561 | 3.50 | 035 | 99.60
Adhesive | KS F 2761 a = 0.7 MPa Pan 3.50 0.35 0.00 0.00 100.00
Gas hazard | KS F 2271 | mean incapacitation time > 9min. Total | 1,000.14 | 100.00 | 1,506.3 | 240.61
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Fig. 5. Strength growth by curing day Fig. 6. Strength by W/C ratio
Table 4. Mix design of specimen Table 5. Structural properties of specimen
Cement | Aggregate | Water | Expansion | Polycarbonate Weight | W/C | A/C 28 day. 28 dtay gﬁsne
K K K K K o compressive stren;
(kg) (kg) (kg) (kg) (kg) kg) | (%) strength (MPa) (MPa)
1 2.405 6 0.53 0.004 0.022 | 8962 | 22% | 2.49 10.1 185
2 3.063 6.5 0.58 0.005 0.023 5 | 10072 [ 19% | 2.12 1.0 201
3 | 3222 7 L13 | 0005 0.025 3| 11384 [ 35% | 217 7.4 1.59
4 3.222 7 1.32 0.005 0.025 4 | 11575 | 41% | 230 9.2 175
5 | 2.000 7 136 | 002 0.04 5 1 10.720 | 68% | 3.70 2.9 1.06
6 | 2.000 7 08 | o001 0.02 6 | 9960 | 40% | 3.50 5.6 1.42
7 2.000 7 1.00 0.01 0.02 7 1 10.160 | 50% | 3.60 42 1.23
8 | 2500 6.5 0.95 0.02 0.04 8 | 10.010 | 38% | 2.60 9.8 1.81
9 | 2.500 7 0.63 0.02 0.04 9 |10.185 | 25% | 2.80 13.8 2.32
10 | 2.500 7.25 0.60 0.02 0.04 10 | 10.410 | 24% | 2.90 12.0 2.05
11 3.000 8.1 0.84 0.03 0.06 11 | 12.030 | 28% | 2.70 13.5 2.15
12 3.000 9.3 0.90 0.03 0.06 12 | 13.290 | 30% | 3.10 11.0 2.02
13 3.000 11.7 1.80 0.03 0.08 13 | 16.610 | 60% | 3.90 34 1.15
14 3.000 9.9 0.99 0.03 0.08 14 | 14.000 | 33% | 3.30 10.4 1.95

78



ZAEE HYY 232E B8 558
o S A AL 5 ikt A=l sl vlal

=
=1

)

2 1y =-14.492x% + 235.02x* - 1500.1x* + 4703.5x2 - 7237.2x + 4377.2

7 day compressive strength (Mpa)

R*=0.8873
o
2 2.2 24 26 2.8 3 32 34 36 3.8 4
Aggregate/Cement ratio
Fig. 7. Strength by A/C ratio
W Hjo} o] ApIAS 81914 Shc). BAME
H| 28% QoA o} A=A =T =EES &
UM FEoH|eE ZabA o] S SRS 5

2ol Hhat dao] ulmjsheict.

A8 BAAO 28Y PHHBAE A
Table 5ol UERNITE B4} S04 E2AIE
QIS 10 MPa B[R] BAA=
ox] &g Ao ehgith
[7imel TAYAIE] Feulole] ApiAS
37] fsle] A ALER]S 2: o) 4:1 93]

oA 5Tk Fig. 7o) Lteb A S 53
S SR o] TAlRh AHE FH 31
qelel A A eEdws) wE sl

1=R=]
T

=
L

]10

Sﬁf

3. 328%M NYeL S35 Tt
At A3 vidH] 1470 AJHS AlRkskaL dx
FE5S Agelr] g e dRE Hriete] Azt
7702] AJHe| ti}e] KS F 2456 34 283 A&
= AgslGich 2554 5589l AW ol8st

o FAE FAA T4 57} SHEA| -18°C, g3
Al H4°C7F H=5 5 s 7|5l 283l
HHE 282 1 Afo]Zof 2~4ARE FER 100 Al]Z
7HA] eYSIT). Table 40f A|AE AlHE vighEA|
of| A B=pAlHo|| B4R 0.003 kX x47}o}oﬂq
o= AIHIE S5 tiH] 0.1%0] sfg?iet. 12t

79

B7}sto] Table 6] A|AISFSICE

H| A3} ASHZF0] ujgha] ojH] ghas
A A7F 5 Bt 13% Bk dEAE
AA] 71& vlieH] o] g A7F S B 22.3%
Has Eoivk v dxpso] ot tﬂil%%
B7lsE7] 2J8] 40 x 40 x 16022 AJRkE A|#HE
of| Big= 31O olE 005 mm7HA| —?ﬁ% T U=
HU oA w5 ARgsto] S5t vlidu]of &
2067} A7FE R AT eha8Tt 7R
Ao Z= AJH o] 28 Zo] W3} A A= Table

A% 71
s

AE H
=

IF IH

70 LhERpc
BeAlf A7 EA) e B4 AEES AF A,
5 ulw Bk A EskAY o PRHow
Table 6. Freezing & thawing test result
Weight Compressive
(ke) Weight strength Strength
ratio (MPa) ratio
before | after before | after
2 [ 10.172 | 10.011 | 0.984 11.0 8.8 0.800
4 | 11.575| 11412 | 0.986 9.2 7.9 0.859
6 | 9.960 | 9.820 0.986 5.6 3.9 0.696
8 |10.010 | 9.877 0.987 9.8 6.6 0.673
10 | 10.410 | 10.220 | 0.982 12.0 10.3 0.858
12 ] 13.290 | 13.160 | 0.990 11.0 8.5 0.773
14 | 14.000 | 13.880 | 0.991 104 8.1 0.779
Avg. 0.987 0.777
Table 7. 28day Shrinkage length test result
before | after r(i;i’;) before | after r(e‘);is
1 |160.25 | 16030 | 0.03 | 2 | 160.10 | 160.10 | 0.00
3 | 160.05 | 160.20 | 0.09 | 4 | 160.05 | 160.15 | 0.06
5 1160.70 | 161.05 | 0.22 | 6 | 160.20 | 160.30 | 0.06
7 |160.80 | 161.40 | 037 | 8 | 160.40 | 160.50 | 0.06
9 |160.40 | 160.85 | 0.28 | 10 | 160.35 | 160.50 | 0.09
11 | 161.10 | 161.20 | 0.06 | 12 | 160.65 | 160.75 | 0.06
13 | 160.90 | 161.25 | 0.22 | 14 | 160.50 | 160.55 | 0.03
Avg. | 0.18 Avg. | 0.05
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Table 8. Pilot mix design of 2" specimen

e T
AR || (ke ke | g | *@
Fly-ash 2 6.00 0.50 O 0.013
Kanuma 3 2.67 1.50 O 0.039

Exp.Vermic.| 3 1.75 1.50 O 0.039
Perlite 3 1.31 1.50 O 0.039
Exp.V./Per. 2 12.00/0.58/0.44 1.00 O 0.026
Perlite 2 2.00/0.88 1.00 O 0.026
Exp.V./Per. 2 0.88/0.66 1.00 0 0.026
Exp.V./Per. 2 0.58/0.88 1.00 0 0.026
Fly-ash 2 6.00 0.50 0.02 0.026
Hydro-ball 3 7.20 1.50 0.02 0.039
Perlite 2 1.50 0.50 0.02 0.026
Perlite 2 1.50 0.66 0 0.026
Exp.V./Per. 2 | 2.00/0.58/0.44 1.00 0.02 0.026
Exp.V./Per. 2 |2.60/0.58/0.44 | 0.66 0.02 0.03
Perlite 2 2.00/0.88 1.00 0.02 0.026
Perlite 2 4.00/0.44 0.50 0.02 0.026
Perlite 2 5.00/0.22 0.50 0.02 0.026
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Table 9. Structural properties of 2™ specimen

Table 10. Optimal mix design of 3" specimen

. . 28 day . Carbon .
L;ght\:e;tg:t Weight | W/C | A/C | compressive Remark C?lr(n e;nt Fgaih Pgih;e fks 1; fiber M(llttl;re
iglr /§2 kg) | (%) strength £ £ g & (k) £

(MPa) 1] 2 3 | 0660 | 02 | 0026 | 002
Fly-ash 8.520 | 25% | 3.00 8.87 5 5 3 0.660 02 0.05 0.04
Kanuma 7214 | 50% | 0.89 0.77 NG 3 5 3 0.660 01 0.05 0.04
Exp.Vermic. | 6.296 | 50% | 0.58 9.41 4 5 35 0550 02 0.026 0.02
Perlite 5.859 | 50% | 0.44 6.15 NG 5 5 35 0550 02 0.05 0.04
Exp.V./Per. | 6.054 | 50% | 1.51 1.57 NG 6 5 35 0.550 01 0.05 0.04
Perlite 5.908 | 50% | 1.44 4.69 NG 7 5 45 0330 02 0.026 0.02
Exp.V./Per. | 4564 | 50% | 0.77 0.56 NG 3 5 45 0.330 02 0.05 0.04
Exp.V./Per. | 4491 | 50% | 0.73 1.20 NG 9 5 45 0330 01 005 0.04
Fly-ash 8.540 | 25% | 3.00 6.53 NG
Hydro-ball | 11.766 | 50% | 2.40 7.69 NG )
- Table 11. Structural properties of 3" specimen
Perlite 4.053 | 25% | 0.75 0.31 NG
Perlite 4193 | 33% | 0.75 0.38 NG 7 day 28 day | 28 day
" Weight | compressive | compressive | tensile R K
Exp.V./Per. 6.074 50% 1.51 1.74 NG (kg) strength strength strength emarl
Exp.V./Per. | 6338 | 33% | 1.81 225 NG (MPa) (MPa) (MPa)
Perlite 5928 | 50% | 1.44 7.00 NG 1 | 6.406 3.056 3.97 1.20 NG
Perlite 6.993 | 25% | 2.22 5.46 NG 2 | 6.450 5.169 6.72 1.56 NG
Perlite 7.773 | 25% | 2.61 8.51 3 ]6.350 3.909 5.08 1.35 NG
4 | 6.796 3.266 4.25 1.24 NG
og 1;%15]‘31 L‘/J\—}\\El]‘ﬁ_% %x—]gi 14%3]‘3’3\1:]-. 5 | 6.840 4.144 5.39 1.39 NG
_ 6 | 6.740 4.775 6.21 1.49 NG
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