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1.0 INTRODUCTION

A group of 11 tapes (furnished by EPA) of recorded railroad noise was

analyzed to determine the effect of varying the following analysis parameters,

¢ time constant

e  sampling rate

e starting time interval
e datasample

e weighting network
Tho following report contains deseriptions of the analyses perfermed and tables of
the results. Detailed printauts of each statistical distribution can be supplied if

desired.

it must be emphasized that the statistical values computed and Jisted in this
report are not necassary the exact values for the sites mensured, Differences in

frequency response batween the field rocorder and the analysis recorder were not

accounted for, and, in somo eases, a field caltbration record was not availabie, = -

-However, the accuracy of comparisons betwaen values listed In Individual tables

using different analysis methods is very good.
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2,0 ANALYSIS EQUIPMENT

All but o small quantity of the data were played back on @ Nagra IV-SJ
topa recorder at twice the eriginal recording speed. The two-track playbuck
recorder was compatible with the recorders used for data acquisition but differances
in high frequency response could not be accounted for, Specific analyses were also
parformed with the data played back at the eriginal recording speed using the Nagra
and also an Ampex AG300 reproducer, Frequency weighting of the data played back
at tyice the speed was provided by a B&K model 123 Spectrum Shaper, and this
A-weighted dota was then processed through a B8K 3347 Real-Time Analyzer (RTA)

interfaced to a DEC PDP-8 computer, Appropriate adjustments of the Instrumentation

controls and the computer program provided the variations required for the various

‘anulysas. A list of the pertinent specifications of the RTA is shown in Table 1.
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, Table 1
. Specifications of the Real Time Analyzer Variables

Weighting Networks
(see figure below)

A, B, and C - to [EC 179 - 1945

D - to propasal for measurement of
jet engine noise

Linear ~ 22.4 Hz to 22.4 kHz
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Tima Constants*

{ : .

i E ‘ Sine = 70 msee. {rise curve 35 msec.), to

: approximate 1EC 179 and DIN 45633
;_ . “Impulsa" response.

o _ Fast Random - 240 msee., to IEC 179 "RMS Fast",
i Slow Random = 1.5 se¢., to IEC 179 "RMS Slow".

*Since most of the tapes were played back ot twice the
eriginal recording speed, when the Sine time canstant

. on the RTA was selectad, the resulting "real time"
constant was 140 msec,
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3.0  DATA RESULTS

Table 2 lists the tapes analyzed and the instrumentation settings used.
These data are listed for reference purposes to assure reproducibility of results
if additional analysis is required. The following sections contain a discussion

of each analysis performed and the tabulated data are contained in the appendices,

3.1 Time Constant Apalysis

One secton of a yaord tape and two passby events on a righf—of—wclxy were
analyzed uslng the three different time constonts (i.e., 70 msec to 1,5s0¢), The
only significant differences occurred in computations of the L] and LO. 1 wvalues.
All other values increased or decraased by insignificont amounts when camparing
values obtained using different time constants, The analysis of the yard tape was
also performed ot o very slow sampling rate with tha difference oceurring only in

ralaifon to the tupe starting time and not to the variation in time constant.

3.2 Sompling Rate Analysis

When the data analysis First bagon, It was necessary to play the tape back
ance for each sampling rate. A 20-minute sample of Tape Y5 #9 was analyzed ot
savan diffarent sampling rates from 50 samples per second (SPS) to 0.016 5PS {one
sample avery 63 seconds). Flgure 1 is o plot of the variations found in the statisticol
lavels for this analysis, It was fater shown that the variations at lew sampling rates
(less than 0.5 SPS) are exiremely sensitive to small changes in the tape starting time

(soe Section 3.5) und are completely unpredictable,
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Table 2
Control Settings for Railroad Nolse Data Reduction Equipment

Digltal Resuliant Tape
Attenuation Input Section Reforanca Noise Recording
: Chonnal Satting Attenuotor Galn Canlrol Adjust Window Speed,
Tope Number | g jyead (NAGRA) (RTA) (RTA) (RTA) T p Comments
Y-4 19 2 +20 0.1V 3.0 10 40-50 7-1/2
Y-4 H7 2 +10 0.V 3.1 0 30-80 7-1/2 Callbration tone not of
immadiata beginning of tapa.
Y54 2 +20 0.1v 6.0 10 40-%0 7-1/2 No calibration tone on topo;
Y-5 19 calitration used.
y-5 by 2 420 0.1v 4,0 10 40-20 7-1/2
Y-12 18 2 +30 0.V 2.8 20 50-100 7-1/2
Y-13 9 2 +30 0.1V 2.8 20 50-100 7-1/2 Calibration tone at end of
. : taps; =44 minute sampla.
Y-14 #4 1 0 0 mv 1.0 40 60=110 7-1/2 Channel! 2 averdriven and
distorted,
Y14 19 1 0 30 mV 1.0 40 &0-110 7-1/2 Channel 2 overdriven and
. distorted,
Blaamfiold 12 1 0. 0.1V 8,2 20 50-100 3-3/4 80 minute sample ,
BleamFiald 14 1 0 30 mY 1.0 30 50-100 J=3/4 80 minuta somple.
ﬂ;7 n; 2 +30 0 mYy 2,5 * 30 50-100 7172 43 minules of date; 3 avants
markod on tape:
1) Not Used,
. 2} Longest
3) Reduced First

{Nagra IV=5J Rucordar £47 Usad)
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Figure 1. Variations of Statistical Levels With Sami:ling Rure.
- {Tape Y=5 #9 - 20 min. sample, individual runs)
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All tapes were then analyzed at o sampling rate of 20 SPS and 0,05 5PS
and selected tapes were run with o sompling rate of 1 SPS. In Appendix B, the

data for these individual runs ore marked with an asterisk.

The computer program wos later modified to allow five sets of statistical
levels to be stored during a single tape run. We were thus cble to analyze the
data ot five different rates (all multiples of the fostest rota) simultoﬁeously, using
precisely the same starting time, The fastest rate of 10 SPS was chesen with each
slower rate differing by a foctor of five, All tapes were thus onalyzed at rates of
10, 2, 0.4, 0.08, and 0.016 SPS with a single playback of each tape. Comparisons
of the statistical level values from each of these runs yield the most accurate results,
wherecs comparisons batween the individual runs shauld only be made with realization

of possible small errors present due to lack of reproducibility between subseﬁuanf runs,

3.3  Cumulative Interval Analysis

The program invelved an onalysis of all tapes with cumulative printouts of
the statistical levels every flve minutes ot saveral different sampling rates, As a
result of the significent sensitivity due to variations in starting time, 1t was decided
to perform the cumulative interval analysis only at a fast sompling rate (e.g., 20 SPS).
The starting time analysis showed that large variations in the stetistical levels occur
with very small changes in tape starting time when slow sampling rates are employed,
Thus, it was felt that the present data should be examinad in detail before additional

analyses are performed,

All tapes were analyzed at a sampling rate of 20 SPS and after each 5-minute
interval, a printout of thalstarisﬂcal tevels for the total accumulated time was pro-
duced. The tables in Appendix € contain the results of these analyses, The column
labelad "number of samplest indicates the quantity of individual data samples included

_in each computation,
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o 3.4 Starting Time Analysis
o la .
\ Appendix D contains an early analysis of two tapes, examining the effect
' r; of large delays in the tape storting time, As expected, the variations in statistical

lavels depend primarily on the long=term noise level fluctuations, The 20-minute

= 8

segment of Tape Y-5 #9 was also analyzed at a sampling rate of 0,05 5PS with ond

withaut a defay of 10 seconds in starting time. This resulted in very large differences

oK
5 I3 in the Ll and Leq due to this small chenge in starting time.
' {; 3.5 Starting Time Analysis/Sampling Rate Change

The 20-minute segment of Tape Y=5 #9 was run four times to detarmine the
effect of very small changes in the tope starting time. Each run was analyzed at
five different sampling rates — 20, 4, 0.8, 0.16, and 0.032 5PS.  The starting time

of each run was delayed by 1 second from the previous run. The first significant changes

in the statistical levels are apparent at sampling rates of 0.8 SPS and at slower rates,
At tho low sampling rates, the voriations are quite large end illustrate the major fluc-
tuations which would occur due to the starting time changes if the sampling rate is low.

This analysis illustrated the need for additionol examination of the results before the

cumulative interval analysis was performed at low sampling rates,

A

’ 3.6  Weighting Network Analysis

———
[~ Sl

~ Three samples of deta, a 45-minute yard tape and two train passbys were
analyzed with differant frequancy weighting applied. Appendix F shows the results
of these onalyses. The data results were obtained by playing the tapes at orlginal

oo & g
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speed using the frequency weighting of a BAK 2204 sound level meter, The

results have the approximate variations as expected, Taking the A=weighted

statistical levels as a reference, the avercge difference (Avg) between A-weighted

level and other weightings, and the standard deviation (5.0.) of the difference is

os follows:

Tape A-D A-C A - Linear
Y-5 9 Avg, dB 2.7 15.1 16.6

5.D., dB. 1.3 3.8 2.7
R-7 #12 Avg, dB 8.0 6.7 -
(In2 I'I'Ifn) s. Da, dB O|B 3.8 -
R-7 #12 Avg, dB 6.4 10.0 -
(2-5 min) s. D., dB 0|3 004 -

9
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4,0 CONCLUSIONS

A few unexpected results were obtained during this analysis, The most
important result was the |arge random variations which resulted from very small
changes In the tape starting time, This result is illustrated in the tabuloted data
of Appendix E where large differences in LO.] begin to occur of a sampling rate
of 0.8 5PS and L] begins to be affected at a sampling rate of 0.16 5PS, These

{arge varlations begin at faster sompling rates than originally expected.

The data tabulated in Appendix E was also rearranged and tabulated in
Appendix B to illustrate the chonges in L-levels for various sampling rates with
identical starting times, It is interesting to note the random fluctuations (pbsifive
and negative) in the L-levels at the lowest sampling rates. It was assumed earlier
that the L-{avels would only decrease from the true vaiue determined at o fost
sampling rate, but positive changes in level are also passible. The only L-level

which appaars to be unaffected by changes in sampliing rate is the Log

Due to the fluctuating nature of the L-level changes ot slow sempling rates,
tha cumulative interval analysis was performed only at the fastest rate. It may be
desireble to examine the current results in detail and perform an analysis of this

parameter at a futura time,

‘One analysis which resulted in virtually no change in L-levels was the

-variotions due to changes in time constant {data in Appendix A).

These conclusions are based upon a cursory evaluation of the detailed data
reduction for the specific data supplied and should not be utilized for final judgments

regording analysis metheds on all types of community noise data or on other railroad

-notse data, Nevartheless, based only on the rasults of this limited evaluation, one

10
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could tenfatively recommend the following for analysis of railroad noise levels.

e Time Constant — Use of "fast random" is preferred.

e Sample Rate ~ For accurate measurement of statistical
levels up to Lo sampling rates equal or faster than
2 SPS appeocr adequate, For aecurate measurement of
statistical levels up to LO.]' sampling rates equal to or

faster then 10 SPS appear to be required.,

¢ Starting Time ~ For sampling rates equal to or slower than
0.8 SPS, statistical levels of a 20 minute sample were
sonsitive to changes in starting time of 1 sec. Further
study is needed to fully evaluate the tradeoff between

sample length, sampling rate, and starting time,.
. I

& Woeighting Natwork — A= or D-weighted levels seem to

show the most consistent statistical levels. C- or Linear-
weighted levels vary, relative to A levels considerably
more at varfous statistical levels. A-weighting is recom=
mended for traln nolses unti) such time os subjective data
are available to confirm @ more accurate prediction of

annoyance for train nolses,

!
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Time Constant Analysls

Sampling Rate ¥ 2 Samplas/Second Walghting A
Number
Tape §{ Sample Time of
¥ Length | Constant Samples 1-90 LSG L10 Li -L.I eq
~Su 20min | 10msee | 23876 26| g k| SO £20) 18 | S0
# " 240 msec | R3P Pl | 41D | #4.P | £ | SIS 1E | S04k
" e, LS fee 23pP2 G0 s | gho | Lo | 7003 | S0
P42/ min} 70 meee | 1887 i3 | 98,0 | A3 | 274 | £Ro | P10
1" Ji 2omree | 13480 b2 {107 | poet |02 | #5.F | 513
" N L &rae 13F9 . [ Fat | §d0 | pr S| #20 | Prs
Rz 4. 5ms | Zomee | 2022  |erd |22 | 04 |25\ g2 (s
M g 2Yo miee | 3p28 683 |12k |08 Sy | 270 1744
# i _hfsee 2022 Loy (224 [0 |pest | £ 1760
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" Time Constunt Analysis

Sampling Rate , 05 Samples/Second - Welghting /2
: . Number
Tape | Sample Time of
¢ Length | Constant Samples | Lgg Lo | Lol 4 Ly Leq
Y509 | 20mm |70 mfee| - 63 43. | S| spa | £44 | S |47 8
" sy | ayomseel 63 q2.7 | waslgeos (st | s49 | #7.3
" i LSSee | 53 2.9 447150 |40 ]| 899 {427

£V
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ANALYSIS CATEGORY
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Sampling Rate Analysis

-

Tape Number Y- #%  Time Constant /40 m¢ Tape'Duration ¥ ™" Waighting A
) Number
Sampling of
Rata Samples L90 L50 L10 Ll L.] Leq
20 3p8 F3230 shd | 422 ¢ 7.8 6 w0 Po.0 3.6
0 ps | 26 %o ek 3 Yifp wrd | Ly fo.et 569
2 Ips sipo a3 SL 0 o s £9.4 7.7 S
{ Spd 269 14 430 | 477 G/ 792 | 56.6
0,4 spd 1078 §2.3 wif o | 4ot | gr1 | 799 | 570
0iofips 248" o | owpdil | 4FT 69.9 2479 £6.3
.65 Sp4 EZE 4.2 st | 47.3 gt e gy
0,016 p3 ¥3 S | A | 430 by / - S6 e
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Sampling Rats Analysls

Tape Number . + #/7 Time Constant /0 ™I Tape Duration 4 mid  Weighting 4

;
g Number
Sampling of
Rate Samples Loo Lsg LIO L] Ly Leq
w| o spr | s3vay 7.3 | g | g5y | yrir | 235 | ss0
jo 3ps 26777 4726 | 49,4 | svd | oY | 256 53
2 5ps S35 af el LN SO | L ERES LR
I ETE i86Y TIUA m L5 s | 209 £5:3
g.0F cps S22 2474 “ 94 1S5S 654 i Sy
| o285 Spt /29 473 v9.4 Sl Lefid ¢9.4 ST
. peoil SpS . (v2) | w92 Voo | o9 _ £
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Sampling Rate Analysis

Tape Number ¥~ 4% Timo Constant /40 m$ Tape Duration Al e, Weighting A
, Number
Sampling of
Rate Samplas Log Lso L'IO L] L, Leq
Qo gpr | A9 1.7 el | o JACN 767 S5
r0 Sp3 26473 o2 “3 S 7 Gt 78,5 $LF
ANpd S2y ol S “ 3 KL 619 24.5 she
/! 58 1Y “d 4 il 7 o3 &Hd6 748/ 56
V4 _;‘;u 1857 AN AR g7 ! 7¢.9 S8
d. 87 g5t 2 gad | wgt. | g2 | pae 407 | €2.2
§.4¢ 503 IS4 b @50 4y 300 628 g8.3
001t spd 74 w2 g I $49 A e |

* Inc’u'w'tlw/ ?mhl .
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Sampling Rato Analysis

Tapa Numberiﬂ Time Canstant ___/_‘/_”_:"_f_ Tapa Duration _20 . Waighting y2
’?rﬁ/h;w:nnr)- ana /)f:u‘ ] e —_—

/

Number

Sampling of .
Rate Samples | Lo, Leo L‘0 Ly L. 1 Leq
. Lo 59509 | w43 |3 | g2l L sop | 239 | sy
7% 206 22879 A3 N3 | b 1590 | 739 | s
Lo /0 1933 | 3| s | s2e | ga.6 | 935 | o
* 2.5 A9l et 3 w3 | g2l | poor | 748 { w2y
* t.28 | 292 > uea | S32 | 51a | 220 | s32
% e 64 die | g v [ 834 1727 | 139 | 507
#l .06 A0 “40 | wip |59 Log.r 1707 | 94
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Sampling Rate Anulysfs

Tape Number z-f#z Time Constant /%3 ms Tape Duration 20 min Welghting
N3 cleiny
Number
Sampling of
Rate Samples L‘;,0 LSO If'l 0 l..I L 1 Leq
20 SRS 2358 Gl | g a7 530 758 g7
4 3PS #1/4 4.7 411 S2:1 . boo ¥/ g N A
2.9 spd qefd - “i.7 “.b KA N 598 9.7 513
D06 $p3 /188 4.7 $b.b 530 sl ! Py s Re ¥
2.832 5P3 27 “i, “#é.7 FE N 423 — Sl
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Sampling Rate Analysis

-

Tape Numker t"f # g Time Constant /#0 ms Tape ﬁuratinn_.?&’ mé , Welghting A
. 2

, ma sed, of
. MNumber
Sampling | of

Rate Samples Loo | k5o LIO L! L. ) Leq
A0 SPS L2357 oS0 wi, P 5.7 K ¥ 732 £a.7
Y spd 270 o5 e, P 5.7 9.8 73.3 S2.4
@ 4.9 504 I S O S8 Ky* o 576 y >N Jab
~ 514 3PS /5P it | e [ 52w | ey | 707 | g0
g ¢3a25p8 37 A3 “b6.f 573 L8503 — 7.0
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- Sampling Rate Analysis

Tape Number f_’d’#z Timo Constant /#0ms Tape Duration a?ﬁrm;; Weighting
2 sec. delay
Numbar
Sampling of
Rate Samples Log L50 !.] 0 L.I L. ' Leq
20508 I rAYS A A 449 2.7 Sa.4 77,2 S47
H5ps L3740 @S, #i.9 kg M A 9 757 $2.7
s 0.5 2P G 45 | w69 | ga9 | s3.5 | 290 | s3.0°
' 6.6 545 128 457 | qey | £33 | P | gop | S#
0.03a £p8 37 “.9 4.9 sab Lo . — KIS
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Sampling Rate Analysis

3 sec, defs ¥

Tape Number E—f#z Time Constant_/#0 m§_ Tape Duration_J0 s, Weighting ..1.?.._..

Number
Sampling of
Rate Samples Log L50 L]0 L] L' 1 ch
Ao 5pL A3L37 o5+ e, D g7 94 73.p 527
o s q470b $5.2 | 6.9 JA7 1 Led Kicald £2.6
6. F Sps Gury 42 | w0 &} 6.3 76,1 £Le
0./ 595 1FF X 7.0 gaf | ot - “4.p
O+ 03a 5p8 2) “f S St | 523 &3 “ee 9./
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Sampling Rate Analysis

Tape Number  Y-S'# 2  Time Constant /+ ¢ ms _ Tape Duration_ ¥ mi  Weighting A.

Number
Sampling of
Rata Samples L90 L50 LIO L] L. 1 Leq
Mo A Spt SeYIP Hef e h 17 Jaut | gt YOI re.l
o 3Pl ReTEh . j7.f L0 pla 10.3 shit
P 2 Ipd 370 o 5 w7,/ Ko ] £ 78¥ 57
=
goud g4 tory SfA 4 £4.0 b ¢9.9 e 8
0. 6P apy ot 43 SR /7.1 Py s L801 44, 2
He| 2008 gox I3 o g 8 gy C6f 727 ire
0.01ia Tpt 4 HI.3 g, 3 73 &L A - RN
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Sampling Rate Analysis
Tape Number Y-13 # 7  Time Constant /%0 ~3 _ Tape Duration 4" . Weighting _ #
. Number
Sampling of
Rate Somples Lgg Lso LIO L L, Leq
» LR L) Y328 R 59 H3 3 L F7 4 &avy
i Tpd 2 Toof 0 gy 59, o b 59, & Ps 439
2 Ipg, S0} S0 Pl (204 490 FL Lt
E
0. Y Spd e £E0 9.3 RN XN £ [
0. 0F Sps 318 S50 Nt T S - 28 6P 2 - bo. ¥
Yo 6.05 el 3 £ Shol a0 e (70 Lot
0/ 6/ta Jpd “J L F 904 b8 7.7 — bl.o
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Sampling Rate Analysis

-

Tape Number V-13 #9  Time Constant /40 ms Tape Durur'ion_t:. “# mn  Weighting A

' Number
Sampling of
Rata Samp"les L90 L50 L] 0 L] L- 1 Leq
#* 20 5p5 S0353 T ba P £9.4 FPb G7.¢ 76,57
10 5 p3 AS0 & ¢o./ 6.7 | L2 | ppa 47,4 94 A
I'Fl 2 5p4 sonr doo ! 62,7 497 2P 8 | qF0 76.3
[
4.4 ips l0d3 60/ ba.? Lr.f | g2 8 Xk 76
INIEEs ot #o o/ 6.7 .| 69.7 93.0 98.4 79.3
”» 0 0f sps /33 £9.¢ bd O 69,4 £3.1 9.2.3 734
oiafb -‘,I‘ “la &daf G‘J-J' ‘1"-6 ‘)hﬂ - FJ” .
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Sampling Rate Analysis
Tapa Number Y-/ #¥ Time Constant /40 &  Tape Duratlon 445" msn Weighting /4
. Number '
Sampling of
Rate Samples Log Lsg L'IO L L, Leq
0 Jpf SRI53 oot Lr. s 5P 9%.4 ros b INY
/0 Spt 227028 64?7 ba. g 799 1.3 | ronip P
o2 3ps Soos” £ bay 789 948 | ros.g £y
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Sampling Rate Analys!s

Tape Number !-14 ##9  Tima Constant /46 ms Tape Duration 4 & mia Weighting
Number
Sampling of
Rate Samples Log L50 Lo L L, Leq
% 24 ap4 3509 633 bt 3 704 | FLs | 4] 747
7o apd 2 LP3r bf oA LAy 700 | PLI 145 24,9
¥ 2 5p3 £I68 bt | b2 | 266 | 527 It | 4§
4
. fspl 207 ¢/ A Lo 24 3 Fb.p ga.58 N
8103 sps /3 447 ba.o 64.4 £ 9a.F 7.+
Wl G dL 3pe Nkl 6a:d ba g 70,3 0.2 92.7 759
B.0re Sp4 #e L/ L2, 74 7273 — b Pio
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Sampling Rate Analysis
Tape Numberfesmestt €2 Time Constant__ 742 “9  Tape Duration_ 4 Mm% \Woighting A )
Number
Sampling of
Rata Samples L90 L50 L]0 L1 L.] Leq
»* A6 5ps G8HIS" S5k sL.g bt £/ £19 Lo
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AMNALYSIS CATEGORY

(Cumulative Interval Analysis)
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Cumulative Interval Analysls _
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Cumulative Interval Analysis
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Cumulative Interval Analysls
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Cumulative Inturval Analysis
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Cumulative Interval Analysis
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Cumulative Interval Analysis
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Cumulative Intarval Analysls
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Cumulative Intesval Analysis
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ANALYSIS CATEGORY
(Starting Time Analysis)

= 2> y&DovTrorcE o oCl oy rTE g oRtR omm w2 o=hA

L L K S AT R LS § D MR RS L e ) R T 1 S LT T BT T A L G R S L T T

WYLE LABORATORIES

D-1

Ly [ i B 3 Sy



.

Starting TIma Analysis
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Starting Time Analysis
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ANALYSIS CATEGORY
(Storting Time Analysis/Sampling Rate Change)
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Starting Time Analysis/Sanpling Rate Change
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Starting Time Analysis/Sampling Rate Change
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Starting Time Analysis/Sumpling Rate Change
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Starting Time Analysis/Sampling Rete Change
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Starting Time Analysis/Sampling Rate Ckange
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ANALYSIS CATEGORY
£
(Welghting Network Analysis)
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= Waighting Network Analysts

Sampling Rate 20 Samples/Second Ana!}sis Time Constant 70 msec
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