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Investigation of Thermal Stress in Racing Kart Athletes
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Abstract Motor racing drivers may be exposed to thermal stress, which can influence their performance and
put them at risk of heat stroke. The aim of the work described here was to monitor core body temperature and
other physiological and environmental variables continuously in racing kart drivers and to investigate the
relationship between core body temperature and lap-time/lap-time-variability, the latter being an indication of
driver performance. As an indication of core temperature we used the eardrum temperature, Teardram, measured
with a modified, extremely-compact radiation thermometer. We also measured instantaneous heart rate, the
vector magnitude of acceleration, G, sweat weight, ambient temperature and relative humidity in the racing suit
and full-face helmet, Taeuit) /RHsuit/ Tamet) /RHmet, road temperature, and lap-time. The measuring instruments
functioned satisfactorily during karting performed on a racing circuit. In all participants (#z = 15:30.9 = 6.4 S.D.
yrs) during driving, we found that Teardrum gradually increased from 36.8C to 38.2°C. It is suggested that the
observed rise in Teararum could be due to the G stresses to which the driver’s were subjected, as heat production of
the body was increased due to the increased muscle activity against G during driving. In addition, we found that
the degradation of the local environment around the body (Tasuit)/max= 41.0C, RHsuit/max = 96.6%, Tatmet)/max = 41.0
C, RHmevmax = 935%) could be also be one of the major factors. We also found a statistically significant correlation
between Teararum and lap-time/lap-time-variability. These results suggest that monitoring of Teararum could be of
considerable importance in protecting racing driver’s from heat stroke and assessing their performance during
motor racing.

Keywords : core body temperature, eardrum temperature, heat stroke, motor sports, thermal stress, racing kart.
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Table 1 Number of heat stroke injuries in Malaysia Grand Prix
(Sepang International Circuit).

Severe heat stroke

Mild heat stroke

(driver*) (driver*)

2000 All Star 4 15
2001 All Star 3 6
2002 JGTC 4 10
2003 JGTC Cancelled

2004 JGTC 5 9
2005 S-GT 11 12

Note: Rush of dehydration from diarrhea
2006 S-GT 4 8
2007 S-GT 2 6
Note: Dehydration from diarrhea in 4 mechanics

2008 S-GT 0 2
2009 S-GT 1 1

JGTC: Japan GT Championship, S-GT: SUPER GT
*Approximately, 33 teams participated in the race every year.
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Fig.1 Schematic layout of the circuit.
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Fig. 2 Modified eardrum thermometer.
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Table 2 Time for reaching at 38C in eardrum temperature between

individuals together with body height, weight, and fat.

Subject No. Height Weight Fat Time for rea?hing at 38C

[cm] [kg] [%] [min]

Sub. 01 170 55.5 10.7 29.7

Sub. 02 173 66.4 19.2 —

Sub. 03 163 58.6 188 —

Sub. 04 163 589 19.7 23.2

Sub. 05 162 46.5 123 —

Sub. 06 165 61.9 230 35.3

Sub. 07 162 46.1 11.3 40.1

Sub. 08 168 61.5 9.6 119

Sub. 09 163 59.5 19.7 22.3

Sub. 10 178 719 145 31.2

Sub. 11 162 484 116 23.8

Sub. 12 171 61.8 11.1 29.8

Sub. 13 164 59.0 192 22.8

Sub. 14 173 534 89 209

Sub. 15 176 59.9 10.7 25.3

Mean 167.5 58.0 14.7

S.D. 5.6 7.1 4.7
EDVH S, IR BEEAETIE, E5o &M (H X —fED I LF/HF (—) 277
N#) R ED o7z, T2, BEEA 38CIZHET S BRI Teararum 13 EAT G2 O BIEW RIS E 2R L,

T CTORM & ZHEBE DO H K - hE - RIENiFEL T Lo/
bDOTH5H. ZTOFEREDBMAZENKEX D572,

R4(a)3&WHHE (n=15) ORI v T ¥4 LDV
ik 55y 7HOFHMHELE DA (ALap-time) &, Z0
57 v ST 2 WM OGBIROFIGMHE (Tearaum) & D
B4R, F(b)IE5 Ty F7HoEERF%E (Lap-time S.D.)
L, 205 Ty ZTICHIBT 2 MM o8RO H
(Teararum) & DR OB KR ZRT. T v T F AL 4
ALap-time & Teardarum \ZAIREHA E RIS OHIB (» = 0.34,
p<0001) DHERRE NIz, FHERIZT v 79 L 2DIEBD
& Lap-time S.D. & Teararum (& b FEETH Z 2 IGVHE (r =
024, p<001) 2R SN,

5 ICEBRER B 2R, NS IFFHI R OR R
AL, v 754 AROBENHRERL72HDOTH 5.
MBI EE (min), HEBHE A S M TSR Teardrum
(C), MK THsI v 774 L (), L=y
A= NIRIBIE Tatuo (C) * RHauie (%), IV A v iR
HPE Tatmen (C) * RHmet (%), &l T2(T) - {88 RH(%),
PRI Troaa (C), AHMEE G (mG), BEFOH% HR
(bpm), R [ JE 3 BT 20 & 153 © 7 KB AR TG B % K
W9~ % RR O WS D787 — i HF [ (ms)?], AL
A AN FET B 2 SO L 72 RR O /85 JE i 40 & 4B TR 9 1 43

N=ZA 54 VEEPHK15C LA L. F72, SEiIdE
176 35 a2 HIREHE TR S £ TH 15 0 D, £
BS5CT—EICHRL, "—ZAF 4 M F THBET SIS
EAEATHE 20 GFREED 2B 2 LA 5.

Sy FE A AT A3THETLIE 3900 BHiGD Y 4 L%
PRoTWBA, ZTNLUKRT v 774 28 IE5D0Z0HNN
R CTE5. FIAN—OEENNT +—< VA% KT 5
EEZONLIDT Y TIALOBMNMEZDIESDEIZ
1Z, BREEERN (RMEE), <Y VER (FA4AYor) v
T T 2 &) OISR (SR & o> H
blEZOLN, EEOETHLT 5.

L=y Y 7 A=Y W& Tasu E K 41.0C, &
RHauic (X K 969%, b X v b WL E Tameo & K
41.0C, 8% RHme 13 935% TH o 72, T 72, &l Ta i
K 3527, B RH 1K 50.0%, HIHREE Troaa (5
K 622C &5k L7z ETIIRB IS BIT 2 2HERED T,
RH, BXV Tra OFHMEIE, FhZF, 332 = 1.9(SD.)
T, 560 = 66(SD.)%, BLU544 =£50(SD.)CTH -
7z,

FNZIZR E N T W22 \»25, Sub.13 O3 = 149 kg,
BLXOBITHRIZ224kg/h ThHo 72, EWERZICH LT
%, #1Fh, 1.06 = 028 (SD.) kg, 159 = 042 (S.D.)
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Fig. 4 (a)Relation betweendLap-time and Teararum, (b )Rela-
tion between lap-time variability (standard deviation
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charts. Asterisks indicate significant deviation accord-
ing to the Dunnett test (*p < 0.05, **p < 0.01). See
text for details.
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