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Abstract 

The effect of wearing two widely used body armours (BA) weighing 9.0 kg and 11.0 kg by the security personnel in 
India was evaluated. Six male soldiers underwent treadmill exercise in the laboratory (26-28°C) at a fixed speed of 2.2 
m. sec -~ for 10 minutes with and without wearing the 11.0 kg BA over their regular uniform. Six other soldiers were 
exposed to a hot humid climatic chamber (34°C Wet Bulb Globe Temperature/60% relative humidity) with and without 
11.0 kg BA for one hour with light physical exercise. Pulmonary function test was conducted on 16 soldiers with 9.0 kg, 
11.0 kg BA and without it. The heart rate (HR), minute ventilation ('(/E) and oxygen uptake (VO 2) on wearing the 11.0 kg 
BA increased significantly (p  < 0.01) as compared to the values of without wearing it in treadmill exercise. The difference 
in magnitude being 15 beats, min - l ,  9.4 1. rain -1 and 6.0 m l - k g - t m i n  -~ respectively, for HR, ~'E, and VO 2. In hot 
humid exposure the HR and mean skin temperature (Ts) with 11.0 kg BA also increased significantly (p  < 0.05) as 
compared to without wearing it during exercise. Pulmonary functions deteriorated significantly with wearing BA and 
recorded further decrease with increase in weight of the armour. The significant increase in energy cost of physical task, 
increase cardiovascular strain in hot humid exposure and increase restrictive ventilatory effect which have been found when 
BA is worn have important practical implications. It is expected that the BA wearer would develop early onset of fatigue if 
they are to carry out the same task at the same rate as before without wearing BA. These factors need due consideration 
when planning work/rest cycles of BA wearer placed in demanding and/or endurance type of tasks. 

Relevance to industry 

This paper describes changes in physiological load of wearing heavy body armour by an individual. The data can be used 
by designers and manufacturers to improve the design features of the body armour. 
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1. Introduction 

In recent years due to the growing menace of 
terrorism in manycountries, wearing of body armour 
(BA) has become an integral part of the uniform of 
security personnel for protection. In India, the BA 
normally used by the security personnel are of two 
different weights viz, 9 kg and 11 kg. They consist 
of front and back metallic plates with foam padding. 
The metallic plates were made up of mixed steel 
alloy, popularly known as 'Jackal' steel. When worn, 
the armour remains very close to the trunk and 
centre of gravity of the body, The design of the BA 
is similar to a 'double pack', i.e. front and back pack 
load carrying system, which is the most convenient 
and comfortable method of load carrying (Datta and 
Ramanathan, 1971; Kinoshita, 1985; Legg and Ma- 
hanty, 1985). 

Studies describing the effect of wearing body 
armour on the physiological functions of personnel 
are limited. Investigation by Haisman and Goldman 
(1974) of the physiological effects of wearing two 
types of armour vests in hot humid and hot dry 
climates did not reveal any difference between the 
two armours. However, the weight of the armours 
were not mentioned in their study. Goldman (1969), 
Duggan (1988) and Aoyagi et al. (1994) observed 
decreased physical performance of men working in a 
hot environment wearing clothing which inhibited 
the evaporation of sweat. Restriction on ventilation 
with reduced forced vital capacity (FVC), forced 
expiratory volume in 1 sec (FEV 1) and maximum 
voluntary ventilation (MVV) have been reported 
when heavy loads were carried close to the trunk 
(Legg and Mahanty, 1985; Epstein et al,, 1987). 
Studies of Legg (1988) have also shown restricted 
pulmonary function on wearing the light weight body 
armour (6.2, 4.3 and 2.9 kg). 

It appears that the effect of wearing heavy BA 
weighing more than 10 kg on the physical work 
capacity in comfortable and in hot humid environ- 
ment and pulmonary functions have not been re- 
ported so far. The present study investigated the 
physiological effects of wearing two different body 
armours weighing 9.0 kg and 11.0 kg on the pul- 
monary function and physical work capacity of male 
security personnel working in hot humid and com- 
fortable environmental conditions. These armours are 

in regular use by military and paramilitary personnel 
in most of the cities in India. 

2. Method 

The study was conducted in three phases: (I) 
treadmill exercise test in a laboratory maintained at 
26-28°C, (II) hot humid exposure with step test 
exercise inside a climatic chamber maintained at 
34°C Wet Bulb Globe Temperature (WBGT) with 
60% relative humidity (RH), and (III) pulmonary 
function tests in comfortable laboratory condition 
(26-28°C). 

2.1. Subjects  

Six young healthy male soldiers volunteered as 
subjects in each of the phases I and II, while sixteen 
other volunteers participated in phase III of the 
study. The subjects were physically fit under medical 
category 'A' which is the normal requirement in the 
Indian Army. The physical characteristics of all the 
subjects are given in Table 1. All of the subjects 
gave informed consent to participate in the study, 
which was approved by the Ethics Committee of the 
Defence Institute of Physiology and Allied Sciences. 
They were also aware of their right to withdraw at 
any time from the experiments. The subjects reported 
in the morning after a light breakfast, wearing nor- 
mal uniform consisting of a vest, underwear, shirt, 
trouser and shoes with socks. The uniform was made 
up of cotton material with insulation 1.4 clo. The 
experiments were conducted in such a way that each 
subject being tested at the same time of the day on 
different days for each condition. 

Table 1 
The physical characteristics of the subjects in differentexperiments 
Experiments Age (yrs) Height (cm) Weight (kg) 

Treadmill exercise 29.3 166.0 58.5 
(n = 6) (4.08) (5.9) (6.92) 

Hot humid exposure 27.0 164.6 55.2 
(n = 6) (6.37) (8.21) (5.39) 

Pulmonary function 31.5 167.9 62.8 
(n = 16) (5.24) (6.15) (6.92) 

Values are mean (SD). 
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2.2. Phase I: Treadmill exercise test 

In phase I, two separate treadmill exercise runs (i) 
with and (ii) without wearing the 11 kg BA over the 
uniform were conducted on two different days but at 
the same hour of the day. Before the experiment, the 
subjects rested in a temperature maintained room 
(26-28°C) for 1 hour without smoking or being 
engaged in any form of physical activity. They were 
prevented from taking caffeine/any other stimulants 
and medications 24 hours prior to testing. The sub- 
jects walked on a level treadmill in the laboratory 
(26-28°C) at a fixed speed of 2.22 m.  sec -1, for 10 
minutes. The heart rate (HR), minute ventilation 
(~'E) and oxygen uptake (VO 2) were monitored be- 
fore start and thereafter every minute during the 
exercise runs, with the help of a Morgan exercise test 
assembly (Model Ex test system, UK) system. By 
conducting several trial runs on different days before 
the actual experiment, the treadmill speed (exercise 
load) was so adjusted that it remained within the 
submaximal load, for the subjects, without wearing 
the BA. 

2.3. Phase II: Hot humid chamber exposure with 
step test 

In this phase the subjects were exposed to a hot 
humid climatic chamber with a heat stress equivalent 
to 34°C in WBGT scale with 60% RH. This level 
was chosen because the hot humid stress higher than 
this is not generally found in Indian conditions. The 
experimental protocol inside the chamber consisted 
of the initial 20 minutes exposure in resting (seated) 
condition followed by 40 minutes of light exercise in 
the form of 4 steps • min -1 on a 0.41 m stool, with 
and without wearing 11.0 kg BA on two different 
days. All pre-conditions of chamber exposures were 
the same as that of the treadmill exercise test. 

Electrocardiograms were recorded before as well 
as after 20 minutes of chamber exposure and at 
5-minute intervals, thereafter during 40 minutes of 
light exercise by a BPL Electrocardiograph (Model 
108T/MK IV, India). Heart rates were calculated 
from EKG lead II. Skin temperatures at four sites 
(chest, biceps, thigh, and calf muscles) were moni- 
tored by a YSI telethermometer (Model 46TUC, 
USA). With the help of these recordings mean skin 

temperature (Ts) was evaluated by the method of 
Ramanathan (1964). 

2.4. Phase III: Pulmonary function 

In this phase, three sets of recordings of pul- 
monary function were measured on three different 
occasions where sixteen soldiers participated as vol- 
unteers. Forced vital capacity (FVC), forced expira- 
tory volume in 1 sec (FEV1), the ratio of FEV~. 
FVC-~ (in %), and maximum voluntary ventilation 
(MVV) were monitored (i) without and (ii) with 9.0 
and (iii) 11.0 kg BA in standing posture as per the 
standard method of Cotes (1979), using Vitalograph 
(Model 8 4 / 5 3 9 / 8 7 / E E C ,  USA) in the laboratory, 
maintained at 26-28°C. The best value out of 5 
maximally forced expirations followed by a maximal 
inspiration was selected. At least 5 minutes were 
allowed between successive forced expirations. For 
determination of MVV, the subjects were given a 
free choice of respiratory frequency and tidal volume 
and were instructed to breath as hard and fast as 
possible into and out of the Vitalograph for 12 sec. 
After initial practice, the higher of the two attempts 
was recorded as MVV. Thirty minutes were allowed 
between each attempt. Peak expiratory flow rate 
(PEFR) was measured with the help of Wright's 
peak flow meter (Model W 37021, UK). The best 
reading out of three attempts was taken as the final 
value. The lung volumes and flows were corrected to 
the body temperature and pressure saturated with 
water vapour (BTPS). All the measurements were 
made with the same set of equipment and by the 
same observer. Pre-exposure rest and other condi- 
tions were similar to phase I. 

The mean and standard deviation of the individual 
variables were calculated. Statistical comparisons 
were made between the values of each experiment, 
i.e. with and without wearing the BA by paired t-test 
(two-tailed paired comparison within group). Differ- 
ences with p < 0.05 were considered significant. 

3. Results 

The physiological responses of HR, VE and VO 2 
with and without 11.0 kg BA at the 10th minute of 
treadmill exercise are depicted in Fig. 1. The param- 
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Fig. 1. 

eters showed a significant ( p  < 0.01) increase during 
exercise from resting values. The rise in HR, "~E and 
VO 2 due to wearing 11.0 kg BA was significantly 
( p < 0 . 0 1 )  higher as compared to the values of  
without wearing it and the difference in magnitude at 
the 10th minute of  exercise being 15 bea ts ,  min -1, 
9.4 1 • rain-1 and 6.0 ml • kg-1  . m i n - l ,  respectively 

for HR, VE and VO 2. 
The HR and T s responses with and without 11.0 

kg BA in a hot humid chamber showed a significant 
( p  < 0.01) rise during exercise from the resting val- 
ues (Table 2). But the rise in HR with BA was 

significantly more ( p  < 0.05) compared to that with- 
out BA from the 10th minute of  exercise onwards. 
The values of  Ts also became significantly higher 
( p  < 0.05) from the 30th minute of  exercise on- 
wards. The rise of  1"~ with and without BA during the 
initial 20 minutes of  seated exposure remained the 
same. Thereafter, until the end of  the 40-minute 
exercise, the T~ increased by another 0.65°C and 
0.17°C in case of with and without BA, respectively. 

The responses of  pulmonary function at rest with 
and without wearing BA of  9.0 kg and 11.0 kg along 
with percentage changes and statistical significance 

Table 2 
Changes of heart rate (beats • min-1) and mean skin temperature (°C) during hot humid exposure, with and without body armour (BA) 

Parameter Exp. Pre-exp. Heat exposure (rain) 

Rest Exercise 

20' 10' 20' 30' 40' 

Heart rate (bpm) Without BA 68.6 81.6 97.6 
(9.89) (11.73) (8.20) 

BA (11.0 kg) 69.6 89.0 109.4 a 
(2.86) (20.55) (5.49) 

Mean skin temp. ( ° C )  Without BA 34.42 36.45 36.49 
(2.06) (0.42) (0.42) 

BA (11.0 kg) 34.30 36.34 36.64 
(0.93) (0.22) (0.34) 

110.6 117.0 121.2 
(15.23) (13.37) (14.67) 
127.2 a 130.8 a 139.6 a 

(4.56) (2.84) (11.83) 

36.52 36.57 36.63 
(0.54) (0.51) (0.42) 
36.80 36.91 a 36.99 " 
(0.46) (0.42) (0.42) 

Values are mean (SD). 
a P < 0.05. 
n ~ 6 .  
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Table  3 
Responses  o f  pu lmona ry  funct ions  at rest  with and  wi thout  body  a rmours  (BA)  o f  two different  weights  

159 

Variables  Wi thout  B A  B A  (9.0 kg)  B A  (11.0 kg)  % Changes  

(A) (B) (C) A vs. B A v s .  C B v s .  C 

F V C  4.64 4.33 4.23 - 6.68 c - 8.84 c - 2.31 

(1) (0.39) (0.32) (0.38) 

FEV t 3.89 3.74 3.65 - 3 . 8 6  ~ - 6 , 1 7  c - 2 . 4 1  

(1) (0.41)  (0.42) (0.42) 

FEV 1 • FVC -1 83.9 86.3 86.3 + 2 . 8 6  b + 2 . 8 6  b 0.00 

(%) (4.77) (5.0) (3.92) 
PEFR 551.3 538.4  521.6  - 2.34 b - 5.39 b - 3.12 a 

(1" m i n - l )  (71.73)  (72.45)  (69.03)  

M V V  163.4 160.1 154.9 - 2.02 - 5.20 a - 3.25 a 

(1- m i n -  1 ) (19.14) (23.03) (24.12)  

Values  are mean  (SD). 

a P < 0.05; b P < 0.01; 

n = 1 6 .  

p < 0.001. 

are given in Table 3. It is evident that the pulmonary 
function deteriorated when wearing a BA and 
recorded a further decrease with increase in weight 
of the armour. There was an identically small (2.86%) 
but significant ( p  < 0.01) increase in the ratio of 
FEV 1 • FVC-l  (in %) for both the BA compared to 
the values without BA. 

4. Discussion 

The maximum load to be carried for maintenance 
of efficiency and safety in man has been recom- 
mended as 40% or one third of the body weight 
(Cathcart et al., 1923; Shoenfeld et al., 1977; Davis, 
1983; Kinoshita, 1985). However, Datta and Ra- 
manathan (1971) recommended a load of 30 kg for 
the Indian male workers, if the load is carried in 
'double pack mode'. The 11.0 kg BA was on aver- 
age about 20% of the body weight of the subjects 
studied. It was thus within the recommended limit of 
load carriage. In the present study when subjects 
walked fast on the treadmill with BA, their work 
pulse rate increased to 145 beats, min -1. This has 
been categorised as heavy work (Christensen, 1953; 
Brouha, 1960; Sen and Nag, 1975) and can be 
maintained only for short durations. The V O  2 data 
supported the HR findings and show an increase in 

the energy cost of walking when BA is worn. Wear- 
ing the BA increased the physical effort required in 
the task from 'moderate' to 'heavy', indicating higher 
physiological strain. The increase in energy expendi- 
ture may be attributed to the weight of the BA and 
hobbling caused by bulkiness and stiffness of the BA 
and also to the frictional resistance resulting from 
clothing layers sliding over one another (Tietlebaum 
and Goldman, 1972). It is apparent from the above 
observations that the security personnel wearing BA 
may show early onset of fatigue while chasing the 
enemy in counter-insurgency operations which re- 
quires sustained aerobic performance. 

The work in a hot humid climate wearing clothing 
assemblies with or without an armoured vest is 
known to be physiologically more stressful as com- 
pared to work in a hot dry climate (Halsman and 
Goldman, 1974). That is why we chose a hot humid 
environment for evaluating the physiological effects 
of wearing BA in the present study. In addition, a 
hot humid climate is prevalent in major parts of 
India. It is evident from the average work pulse rate 
response of the chamber study (phase II) that the 
armour wearer faced higher physiological strain. 

Mean skin temperature with the BA remained 
higher than without wearing it during the period of 
exercise. The equal increase of T~ during the initial 
20 minutes of seated exposure indicated that the 
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mere hot humid condition with BA did not affect the 
skin temperature. However, with higher stress during 
exercise, there was a marginal increase of Ts (0.67°C) 
with BA. This showed that the BA had affected the 
evaporative heat dissipation mechanism in the cov- 
ered (chest and back) skin surfaces to some extent. 
The responses of pulse rate and mean skin tempera- 
ture in the present study with 11.0 kg BA were 
almost similar to the results of Haisman and Gold- 
man (1974). Since the BA is impermeable to mois- 
ture and covers almost the entire chest and back, 
even then, the physiological responses developed due 
to exposure and exercise in a hot humid environment 
seem to be small. Probably it is due to unique design 
feature of the BA, its ability to move with the 
subjects. The foam padding under the metallic plates 
provided greater spaces for air exchange with mo- 
tion. 

The responses on pulmonary function of three 
light-weight BA weighing 2.9, 4.3 and 6.2 kg studied 
by Legg (1988) revealed a significant but small 
effect. The results of the present study clearly indi- 
cated that the pulmonary function had been influ- 
enced significantly by the BA weighing 9.0 kg and 
11.0 kg. The pattern of ventilatory limitation indi- 
cated a restrictive ventilatory defect. Though this 
response was higher than that observed by Legg 
(1988), yet the subjects did not perceive any signifi- 
cant discomfort as evidenced by their subjective 
response. It was observed that the subjects preferred 
to wear the BA loose rather than tighten it with 
straps. 

The two important variables, namely tightness 
and weight of the BA, are likely to be responsible for 
its effect on pulmonary function (Haisman and Gold- 
man, 1974; Legg, 1988). The present study showed 
that the decrease in pulmonary function was more 
with 11.0 kg BA than 9.0 kg BA and the changes 
were significantly different from without BA in both 
the cases. This indicated that higher the weight of the 
BA the greater is the pulmonary restriction. The 
significant increase in energy cost of physical tasks 
in terms of VO~ while walking fast, the increase in 
cardiovascular strain in hot humid exposure and the 
increase in restriction in ventilation which have been 
found when BA is worn have important practical 
implications. Therefore, if an individual is to carry 
out a task at the same rate after wearing the BA as 

before without wearing it, a greater proportion of the 
~QO2max will have to be utilized, resulting in an early 
onset of fatigue. Moreover, the increased metabolic 
heat production which will accompany the increased 
energy expenditure could exacerbate the problems of 
heat dissipation from the BA (Duggan, 1988). These 
factors should be taken into account when planning 
work/rest cycles of the personnel using BA espe- 
cially in demanding and/or  endurance type of tasks. 
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