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Abstract—The objective of this paper is to characterize the micro-
environment temperature response to the natural climate of the
tropical rainforest. The peculiar warmth, high humidity, and low
pressure nature of the tropical rainforest necessitated the present
study. Temperature probes were inserted into concrete specimens
subjected to the sheltered and unsheltered environment to
measure the micro-environment temperature of the concrete, and
study the hysteresis characteristics in relation to the climate
temperature. Some mathematical relationships for forecasting
the internal temperature of concrete in the tropical rainforest
environment were proposed and tested. The proposed
relationships were found reliable. It was observed that the micro-
environment temperature was lower at the crest, and higher at
the trough than the climate environment temperature with a
temperature difference of 1-3 °C. Also, temperature response in
concrete for the unsheltered micro-environment was 1.85 times
faster than the response in the sheltered micro-environment. The
findings of the study may be uses to assist the durability
assessment of concrete.
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L INTRODUCTION

Temperature has been identified as a major factor that
influences the performance of concrete as a result of the
constant periodic, daily, and seasonal temperature variation.
Previous studies have shown various ways that temperature
influenced concrete deterioration and service life reduction of
concrete structures [1-7]. It has been revealed that the
temperature effect on concrete durability was stirred by the
concrete micro-environment temperature [3, 8-15]. The
submission of previous researchers in [3] showed the relevance
of describing the environment parameters in the natural climate
and concrete micro-environment based on climate zones. This
paper describes the analysis of temperature response in
hardened concrete subjected to the natural environment of the
tropical rainforest of Johor, Malaysia. The paper also explains
the likelihood of concrete deterioration in the tropical rainforest
as a result of the influence of the natural climate temperature.
Authors in [9] studied the hysteresis characteristics of
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temperature response of concrete. But the study was pertinent
to the subtropical climate that is branded by warm and dry air
whereas the tropical rainforest environment is characterized by
unusual warmth, high humidity and low pressure. The study
aims to assist the description of temperature effect on concrete
and efficient concrete durability design.

II.  METHODOLOGY

A. Concrete Specimen Preparation

A grade 20 concrete was prepared with ordinary Portland
cement, 20 mm maximum size crushed granite, natural river
sand of 5 mm maximum size, and clean water. Table I shows
the composition of the concrete. 100 mm x 150 mm x 150 mm
concrete size specimens with water to cement ratio of 0.6 were
prepared, demoulded after 24 hours, and cured in water for 28
days. A temperature probe was inserted into 10 mm diameter
hole, 25 mm from the surface of the concrete specimen. The
25 mm was assumed as the approximate reinforcement bar
location in reinforced concrete. The specimens were oven dried
at the temperature of 105 °C after the 28-days water curing, to
achieve moisture content free concrete.

TABLE 1. CONCRETE COMPOSITION
Material Quantity (Kgm™)
Cement 350

River sand 717.6
Crushed granite 1122.4
Water 210

B. Exposure Condition

The specimens that were placed 1500 mm above the ground
level to avoid sorption of ground water were subjected to two
exposure conditions, the sheltered, and the unsheltered natural
climate exposure conditions. The two exposure conditions were
selected to characterize the effect of sunshine and daylight hour
on temperature response in concrete.

C. Data Acquisition and Analysis

The concrete micro-environment temperature was
measured with the XR5-SE data logger at time intervals with
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the use of temperature probe. XR5-SE data logger with a
dimension of 124 mm x 56.2 mm x 32.5 mm has 20 positions
screw input terminals and an operating limit of -40 °C to 78 °C
and above 5 % relative humidity. The test setup is shown in
Figure 1. The natural climate temperature data were collected
from the Johor Meteorological service. Statistical data analysis
was conducted to describe the extent of likelihood of concrete
deterioration in the tropical rainforest environment, as well as
the hysteresis characteristics of temperature in concrete.
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Fig. 1.

Test set-up

III.  RESULTS AND DISCUSSION

A. Natural Climate Temperature

The natural climate temperature T values for the month of
June, and July are presented in Figures 2a and 2b respectively.
The temperature envelope for June 2016 as presented in Figure
2a has the highest and lowest boundaries of 38 °C and 23 °C
respectively. The June 2016 temperature data was used as the
training data set to perform a waveform nonlinear curve fitting
analysis to explain the temperature T and time t relationship.
The function in (1) was deduced.

7=30.253+5.385Sin[n(++6.981)/12.003] (1)

The function explained 80.61% of the envelope. The
function was used to predict the July natural climate
temperature data to ascertain its validity. The result as shown in
Figure 2b indicated that it explained 84.46% of the July 2016
measured temperature with a mean square error of 2.81.
Figures 2a and 2b revealed that the average temperature within
the period of test is 30.48 °C while the difference of the
amplitude crest and trough is 15 °C with the daily temperature-
rise period of about 8.33 hours. The result showed that value of
the difference of the amplitude crest and trough differ by
85.2% compared to the case at Changsha described in [8]. This
suggests varying impact of temperature on concrete
performance as a result of different degrees of daily
temperature fluctuation in the environment. It supports the
proposition of researchers that characterization of
environmental parameters in the natural climate, and concrete
micro-environment should be based on climate zones for
adequate design of durable concrete structures [3, 9].
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Fig. 2. Natural climate temperature values: (a) month of June 2016, (b)
measured and predicted values for the month of July 2016

Also, the cluster analysis chart of the natural climate
temperature for the month of June, and July 2016 are presented
in Figures 3a, and 3b respectively. The chart showed that the
natural climate temperature was above 30 °C for 53.70% of the
studied period. The results indicated that the environment
favours significant carbonation, and corrosion of concrete. The
deduction was made based on Arrhenius theory and the
submission of researchers that concrete deterioration,
carbonation and corrosion increase as temperature increases
[10-12]. Also, it was opined in [12] that the corrosion of
reinforced concrete aggravates from temperature of 20 °C;
intensifies as the temperature approaches 40 °C; and decreases
above 40 °C. The implication is that the tropical rainforest
environment of Johor in Malaysia is absolutely conducive for
concrete deterioration and corrosion, since the natural climate
temperature envelop falls within 20 *C to 40 °C. In addition, the
environment permits intensified rate of corrosion, since the
temperature is above 30 °C, 53.70% of the time.

B. Concrete Micro-Environemnt Temperature

The daily temperature variations in the climate
environment, and the micro-environment for the sheltered and
unsheltered concrete specimens are presented in Figure 4. It
shows the hysteresis characteristics of temperature response in
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concrete micro-environment. Figures 4a and 4b reveal that the
climate environment temperature rises at a faster rate than the
micro-environment temperature from the sunrise time to the
maximum temperature some hours after the noon time; and
falls faster than the micro-environment temperature through the
sunset time to the night period. This behaviour could be
attributed to the change of transmission medium of
temperature, and the coupled effect of heat convection, and
conduction. It was observed that the micro-environment
temperature was lower at the crest, and higher at the trough
than the climate environment temperature with a temperature
difference of 1-3 °C. It was deduced from Figure 4c that
temperature response in concrete for the unsheltered micro-
environment was faster 1.85 times more than the response in
the sheltered micro-environment. Also, Figure 4a shows that it
took the micro-environment temperature a minimum of 9 hours
to attain the climate environment temperature. The findings
agreed with the observation of previous studies that the peak
and valley points of micro-environment temperature lag behind
the corresponding climate environment temperature with
varying values of the range of 1-7 °C [8-9, 13].
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Fig. 3. Cluster analysis of natural climate temperature values: (a) month
of June 2016, (b) month of July 2016

The micro-environment temperature data of 1% — 3™ June
2016 was used as the training data to perform a waveform
function nonlinear curve fitting analysis to explain the
temperature and time relationship. The mathematical
expressions for the unsheltered and sheltered micro-
environment are presented in (2) and (3) respectively.

7,=31.481+4.531Sin[x(t+9.208)/12.035] )
T,=30.943+4.046Sin[(t+9.129)/12.040] 3)

where 7T, and 7, denote unsheltered micro-environment
temperature, and sheltered micro-environment temperature
respectively.

Equations (2) and (3) were used to predict the unsheltered
and sheltered micro-environment temperatures respectively, for
July 4 — July 6. The result shown in Figure 5 indicated that (2)
explained 83.72% of the July 2016 measured unsheltered
micro-environment temperature with a mean square error of
2.79; while (3) described 85.82% of the July 2016 measured
sheltered micro-environment temperature with a mean square
error of 2.00. The result indicated that the expressions were
valid for predicting concrete micro-environment temperature.

The daily temperature range for the climate environment is
presented in Figure 6. It is indicated that the daily temperature
varied most and least at the range of 14 °C and 6 °C
respectively, with the average range at 10.84 °C. Figure 7
shows the temperature difference for the unsheltered and
sheltered  micro-environment.  Temperature  difference
described the extent the micro-environment temperature varied
from the average daily natural climate temperature. The
diagram revealed lesser temperature difference for the
unsheltered environment than the sheltered environment. The
finding affirmed the claim that temperature response in
unsheltered concrete micro-environment is higher than the
sheltered micro-environment as a result of sunshine and
daylight effects [8-9]. Nevertheless, relationships amongst
temperature difference and temperature range are presented in
Figures 8(a) and 8(b). The following mathematical expressions
were deduced from the relationship by linear regression;

AT,=-0.024R-0.009 @)
AT,=0.041R-0.190 )

The relationship amongst temperature difference and
temperature range for the unsheltered concrete and sheltered
concrete are explained in (4) and (5) respectively. The
mathematical expressions are useful for predicting concrete
micro-environment temperature, providing the daily natural
climate temperature range R is known. Be that as it may, the
statistics above revealed that the concrete micro-environment
temperature was higher than 30 °C for 80.33% exposure
duration. This value is far from 53.70% recorded for the natural
climate temperature. This suggests that concrete micro-
environment temperature is much more responsible for
temperature effect on concrete durability. The result is in
agreement with earlier studies [8-9, 13-15].

WWWw.etasr.com

Egba et al.: Temperature Response in Hardened Concrete Subjected to Tropical Rainforest...



Engineering, Technology & Applied Science Research Voal. 7, No. 3, 2017, 1623-1628 1626
40 40
) )
L <
= e
2 =
E m
z bl
= E
T bl
= =
24 4 )
1 - = - Milcro-envinon ment unshe Eered —=— Measured vales unshekand
£ —— Micro-envinonemert sheRerd o] - - Predicied vales wmsneRed
1 —— ClmEE emviomment <=7 —e— Wi23sured values shehzred
20 . : _ . 1 - - Predicted vaues sneRered
20 T T T T T T T T T T T T T T
2018-05-31 — 2015-06-3 a 0 0 0 S = &0 10
Time (hours)
40
- ] Fig. 5. Prediction of temperature response in concrete micro-environment
&)
L _—
@ o
= T
IZ m
@ c
]
= i
o
|_ %
1 - - Micor-2mv lnnment unsheRersd E‘
s —— Micn-eminnment shelemd o
. —=— Clnate environment =
a4 T T T T T T T T T T T T T T
2016-06-4 — 2016-06-6
Time (days)
Fig. 6. Temperature range in the natural climate environment (1st June —
31st July 2016)
2z
5 —
& <
T il
= g
G B
= £
b
z
1 - +- Micro-enwironment unshetiersd =
27 —o— Micro-eniranment shelered E
—— Climate environment =1
T T T T T T T T T T T E
0 10 20 20 A0 50 0 =
Time (days) 1 —— Micp-emyinnment unsheRared
- - Micn-eminnment Siekened
Fig. 4. Hysteresis behaviour of temperature: ture values: (a) 31° May — 3™ 0 o = 0 & a
June 2016, (b) 4™ June — 6™ June 2016, (c) daily mean temperature values for ] - -
June and July 2016 Time (days)

Fig. 7. Temperature difference (1st June — 31st July 2016)

www.etasr.com Egba et al.: Temperature Response in Hardened Concrete Subjected to Tropical Rainforest...



Engineering, Technology & Applied Science Research

Vol. 7, No. 3, 2017, 1623-1628 1627

(a)

Temperature Difference (°C)

=Y
]
&
[
e

Tem perature Range("C)

(b)

-

00 4

o
-

Temperature Differe nce (°C)
L
- L]
apand o
e v s ke L]

noon time; and falls faster than the micro-environment
temperature through the sunset time to the night period; as a
result of change of transmission medium of temperature,
and the coupled effect of heat convection, and conduction.

e The micro-environment temperature was lower at the crest,
and higher at the trough than the climate environment

temperature with a temperature difference of 1 to 3 “C.

e Temperature response in concrete for the unsheltered
micro-environment was 1.85 times faster than the response
in the sheltered micro-environment.

e The daily temperature varies most and least at the range of
14 °C and 6 °C respectively, with the average range of
about 10.84 °C at the tropical rainforest environment.

e The temperature response in unsheltered concrete micro-
environment is higher than the sheltered micro-environment
as a result of sunshine and daylight effects.
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