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ABSTRACT 
 

     Weather is one of the main factors that decrease labor productivity in construction 
projects, resulting in project delays, cost overruns, and contractual disputes between 
contractors and clients. This study investigates and quantifies the hot and humid weather 
effects on construction operations in Oman. The study aims to develop a construction 
productivity model using the work/rest schedule proposed by the National Institute for 
Occupational Safety and Health (NIOSH), USA. The daily weather temperature and 
relative humidity of Muscat were collected and analyzed. The analysis indicates that 
temperature and humidity values in the summer months exceeded the threshold limit 
values recommended by NIOSH. Hence, there is a risk of productivity loss and project 
delays. To model these effects, distribution functions of frequency of occurrence of 
affected days in each month and losses in productivity in each month have been 
developed. After that, the model was applied to a completed construction project and 
tested under different testing scenarios. Thus, the influence of hot and humid weather 
has been estimated by comparing the project duration to the planned duration. Results 
indicate an increase in the critical path duration in all scenarios, and implementing these 
effects can lead to an extension of 1–5% longer project duration compared to the planned 
duration. 
 
1. INTRODUCTION 
 
     The construction industry is most vulnerable to adverse weather conditions due to 
its reliance on labor and outdoor activities (Alshebani et al. 2014). Weather events affect 
construction activities in several ways, ranging from complete work stoppage to a 
reduction of productivity and delays of the project schedules, thus potentially resulting in 
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legal repercussions. Weather events, such as extreme heat, cold, wind, or precipitation, 
create significant uncertainty, significantly affecting a project’s schedule and producing 
substantial deviations from the baseline schedule (Shahin 2011). The weather has been 
identified as a contributing factor in construction delays. Extreme weather causes 45% 
of construction projects to be delayed worldwide, costing project owners and contractors 
billions of dollars in additional expenses and lost revenue each year (Senouci et al. 2016). 
Any project delay has financial consequences borne by the contractor, the owner, and 
external stakeholders. Therefore, schedulers and planners must account for likely delays 
in their planning, which can reduce the number of delay disputes that arise in a project. 
Modelling contributes to understanding weather impacts on construction and can offer 
significant advantages for anticipating weather-related productivity losses at the planning 
stages (Schuldt et al. 2021). It can help construction managers to develop preventative 
and mitigation strategies for adverse consequences of weather. Therefore, decision-
makers need to model weather events to determine their effects on construction tasks 
and develop schedules that reduce risk. Although constructing a model to allow 
integration of weather effects in construction projects, planning and operations seem to 
be well addressed; it is challenging to find the correct data and generalize the model to 
all construction projects. For example, productivity data for different construction trades 
must be available to model the construction operation and not all construction companies 
keep track of such data. 
In Oman, the hot climate has been indicated as one of the main factors influencing labor 
productivity (Jarkas et al. 2015). The weather in Oman is hot and relatively humid most 
of the year. Hence, there is a high risk of heat-related illnesses, disorders, and other 
hazards for outdoor workers. As a result, government regulation such as Ministerial 
Decree No. 286/2008 states that outdoor workers in Oman are banned from working in 
high temperatures during the summer months as listed below: “Workers will not work in 
construction sites or open areas of high temperature at noon, from 12:30 up to 3:30 
throughout June, July and August every year.” (Ministry of Labor 2008). On the other 
hand, the National Institute for Occupational Safety and Health (NIOSH) issues 
regulations and work guidelines regarding occupational exposure to high temperatures 
and hot environments. NIOSH proposes that employers implement measures to protect 
the health of labors exposed to heat and hot climates. Employers need to monitor 
environmental heat and determine the metabolic heat produced by workers (e.g., light, 
moderate, or heavy work). Additional modifications may be required to shield workers 
from heat stress based on the increase in risk. 
Furthermore, employers should establish a work/rest schedule and provide a cool 
environment for employees to rest and recover (e.g., air-conditioned or shaded). These 
essentials are intended to protect workers’ health from heat stress or injuries in hot 
environments. Such regulations can be used to construct a model to help predict weather 
variables that affect the performance of the construction operation and will allow 
predicting its negative impact on the duration of the construction project. Thus, this 
research will use the threshold limit values published by NIOSH to model and integrate 
temperature and humidity effects on construction activities in Oman. 
2. Background 
     This review focuses on the impact of adverse weather events on construction 
projects. Previous studies investigated the effect of inclement weather on construction 
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projects’ productivity and schedules. This section discusses other previous research in 
this area of study. 
Koehn and Brown (1985) investigated the effect of temperature and humidity on 
construction productivity. The study was based on a database with many air temperature 
and humidity values and productivity data of construction project activities. The study 
found a non-linear association between construction productivity and thermal 
environments. The results showed that at a temperature between 100° and 110°F, the 
quality of the work declined. Also, working at this range of high temperatures resulted in 
low productivity and severe health hazards. It was concluded that construction 
productivity decreases rapidly at elevated temperatures, and there is a negative 
relationship between construction productivity and humidity.  
Thomas and Yiakoumis (1987) studied the impact of temperature and humidity on 
construction productivity. The data for this study were collected from three commercial 
construction projects. Data were collected daily and included the crew size, man-hours, 
production, and other pertinent factors. In all, 78 project workdays were studied. The 
temperature and relative humidity at 1:00 P.M. were obtained from a nearby weather 
station. Productivity was calculated as the man-hours per unit of work. A construction 
productivity model was developed using regression analysis based on that data. This 
model can quantify the effect of temperature and humidity on productivity. The study 
noted that increasing temperature and relative humidity could adversely affect labor 
productivity. 
Hancher and Abd-Elkhalek (1998) developed a more advanced construction productivity 
model that accounts for both hot weather conditions (temperature and humidity) and work 
conditions (effort and sun exposure). This study used a heat stress index called wet bulb 
globe temperature (WBGT) to examine the impacts of hot environments on human 
perceptional and physiological responses. The developed model can estimate 
productivity for construction processes in different temperatures. The results confirmed 
that productivity declines with high temperatures. 
El-Rayes and Moselhi (2001) quantified the impact of rainfall on productivity and duration 
of highway construction operations. They developed a decision support system called 
(WEATHER). WEATHER can generate realistic schedules and cost estimates that 
consider the impact of rainfall on productivity before and during construction. 
Furthermore, WEATHER can analyze weather-related claims that may arise from 
excessive rainfall conditions experienced on-site during construction.  
Apipattanavis et al. (2010) proposed an integrated framework to quantify and predict 
weather-related delays in highway construction. The utility of this framework was 
demonstrated through its application to construction work on a project in Texas. It was 
clear from the results that some tasks have extended timelines and/or a shift in the 
starting dates. Also, it showed that ambient conditions related to air temperature, 
precipitation, and wind velocity caused considerable difficulties and delays during 
highway construction.  
Shahin et al. (2011) proposed a simulation model that quantifies the effects of extreme 
weather events on construction projects and assists in project planning. 
Dytczak et al. (2013) presented a numerical procedure to identify the efficient 
construction project structure and a corresponding schedule. It addressed the impact of 
inclement weather conditions on technological operations. Weather data provided for the 
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city of Białystok in Poland were utilized during the analysis, and the analysis was done 
on a sample construction project. Results confirmed that worse construction project 
schedules were obtained in the case of addressing unfavourable weather influences than 
assuming perfect conditions. 
Rashid, H., (2014) studied the effect of extreme heat and dust storms on the construction 
industry. Construction materials production data from United Arab Emirates region over 
2100 productive days were collected. This study found that heat and dust storms’ 
adverse severe summer climate significantly reduces production. The results showed 
that a 10% average reduction in production is caused by the heat exceeding 46 °C every 
week. According to the findings of this study, increasing the temperature to a more 
uncomfortable thermal zone costs companies $2 per worker each hour. 
Ibbs and Sun (2017) compared the Grimm and Wagner (1974) (G&W) and Thomas and 
Yiakoumis (1987) (T&Y) studies. The two studies could not be directly compared 
because they defined productivity differently. Therefore, after normalizing the different 
definitions, the regression curves for T&Y and G&W data were reasonably close. Finally, 
a new combined temperature-humidity model was developed based on data from the two 
previous weather studies. Ibbs and Sun concluded that humidity significantly affects 
productivity, but its effect is smaller than temperature’s effect. 
Marzoughi et al. (2018) developed a model to estimate the duration of project activities, 
taking into account the impact of weather. Multivariate statistical techniques and an 
analytical network process (ANP) have developed this model. The proposed model was 
illustrated with data from a construction project in Iran. Validation of the model was 
provided by comparing the actual duration of activity with the estimated period using the 
proposed framework. They found that the actual and estimated times difference was not 
statistically significant because the sample size was small. 
Larsson et al. (2019) studied the impact of temperature, precipitation, and wind speed 
on in-situ concrete wall operations to the total project duration. The results show that 
weather significantly impacts project duration and must be accounted for when planning 
processes. Moreover, they found huge differences between weather seasons that could 
affect the timing of project start-up. 
This review identified extreme temperatures, humidity, precipitation, and high winds as 
the most impactful weather conditions on construction. Based on the research findings, 
there is an inverse relationship between increased temperature and labour productivity. 
Previous studies showed that the quality of the work declined. Also working at high 
temperatures results in serious health hazards and low productivity (Koehn and Brown, 
1985). Many studies noted that increased humidity could also adversely affect labour 
productivity. Therefore, in this research, the focus will be on studying the effect of high 
temperature and relative humidity on construction operations in Oman. 
There have been several research projects have examined how weather influences 
construction works. Temperature, humidity, precipitation, and wind are the most frequent 
weather factors studied. These factors can affect labor in several ways. Temperature 
variation is negatively correlated to worker productivity. Temperature rise increases the 
risk of heat-related injuries, including heat cramps, heat exhaustion, and heatstroke 
(Moohialdin et al. 2020). 
Moreover, exposure to cold temperatures affects the skin, muscles, and internal organs 
(Ghani et al., 2020). Low temperatures reduce the power and performance of workers. 
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However, the adverse labor productivity effects caused by cold temperatures can be 
reduced by wearing appropriate clothing (Koehn and Brown 1985). 
Furthermore, precipitation and wind speed also affect worker productivity. Rain and snow 
slow or stop productivity and divert worker attention to covering or protecting materials 
and work areas (Larson et al., 2019). If work areas are not protected from adverse 
weather conditions, workers have to shovel and clean (Jung et al. 2016). 
High wind speeds increase the risk of worker accidents (Larson et al., 2019). For example, 
workers governed by safety standards regulation are generally prohibited from 
completing construction tasks on scaffolding during high winds or electrical storms due 
to safety risks (Ballesteros-Pérez et al. 2018). Snow and cold temperatures can also 
cause falling hazards as workers can slip on the ice (Jung et al. 2016). 
 
3. Methodology 
 

The study methodology is outlined as follow: 
- Collecting weather data: Historical weather data for daily temperature (mean, 

maximum and minimum) and relative humidity (mean, maximum and minimum) of 
Muscat city have been collected from the Civil Aviation Authority (CAA, 2021) and 
National Oceanic and Atmospheric Administration (NOAA, 2021). 

- Weather data preparation: For this study, data for summer months (May, June, 
July, August, and September) have been considered, seeing that these months 
are characterized by extreme temperature and humidity. The collected data have 
been organized, cleaned, and outliers have been removed before analysis. Then, 
data for each summer month (from 2002 to 2018) have been grouped and 
analyzed accordingly.  

- Weather data Analysis: Weather data have been analyzed to highlight the extreme 
weather records and the probability of days affected by the weather. This step 
gave a good insight into Oman's extreme weather conditions during the summer.   
The National Institute for Occupational Safety and Health (NIOSH, 2018) 
developed a work/rest schedule to maintain a healthy and safe working 
environment. This work/rest schedule is utilized in this research to identify the loss 
of productivity due to the high temperature and relative humidity in the summer. 
Table 1 shows the work and rests time per hour for a specific temperature to 
minimize the effect of heat on workers for each workload category that NIOSH 
(NIOSH, 2018) recommends. Table 2 illustrates the percentage of loss in 
productivity per hour for workers wearing normal work clothing; these percentages 
are extracted using Table 1. Such that “normal” in Table 1 represents 0 % of 
productivity loss per hour in Table 3.2, “Caution” represents 100 % of productivity 
loss per hour, and “30/30” means for 30 minutes of work, there is a need for 30 
minutes rest per hour which is represented in Table 2 as 50% of productivity loss, 
etc. 
The workload category is expressed as the worker’s heat production: light work = 
<200 kcal/hr; moderate work = 200–300 kcal/hr; and heavy work = >300 kcal/hr. 
The temperature data should be adjusted in advance to account for the effect of 
relative humidity such that per 10% relative humidity, subtract 8°, 20%: Subtract 
4°, 30%: No adjustment, 40%: Add 3°, 50%: Add 6°, 60%: Add 9° (NOISH, 2018).  
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Mean, maximum and minimum temperatures have been adjusted based on mean, 
maximum and minimum relative humidity. Hence, three cases have been 
generated: most likely, worst, and minimum. The most likely case reflects the rest 
percentage per hour for the mean adjusted temperature based on mean relative 
humidity. In contrast, the worst case is the rest percentage per hour for the 
maximum adjusted temperature based on maximum relative humidity. Moreover, 
the minimum case reflects the rest percentage per hour for the minimum adjusted 
temperature based on minimum relative humidity. These three cases shall be 
defined as light, moderate, and heavy workloads. Then, the percentage of rest per 
hour for each workload category is summarized for each month. The findings have 
been analyzed using EasyFit software to find out the best-fit probability distribution 
function representing the probability of percentage of rest per hour (in other terms, 
percentage of time loss due to extreme weather conditions) for each month. 
Furthermore, a probability distribution function for each month’s frequency of 
occurrence of the affected days has been developed. Finally, the probability of 
occurrence of affected days along with the likelihood of the percentage of 
expected time loss has been jointly used to generate the model of the expected 
percentage of loss in productivity of construction labor.  

- Model validation: This step is essential to ensure that the similarity between the 
historical data and the generated data is statistically valid. The model has 
generated data for the expected percentages of loss in productivity in the months 
from May to September. Then, statistical measures such as the mean, variance, 
and standard deviation have been used to compare the generated data with the 
original data for each month. 

- Application of the model in a real construction project: Project schedules have 
been collected from actual construction projects to investigate how extreme 
weather affects schedules. The model was applied to construction project 
activities and tested under different testing scenarios. The scenarios vary based 
on the project activities workload category (light, moderate, and heavy workloads) 
and the weather conditions (most likely, worst, and optimistic cases). Then, the 
effect of weather on project schedules has been quantified in terms of extension 
in project duration. 

 
Table 1 Work/rest schedules for workers wearing normal work clothing* (NIOSH, 
2018) 

Adjusted 
Temperature 

(°F) † 

Adjusted 
Temperature  

(°C) † 

 (Minutes work/rest) 
Light work Moderate work Heavy 

work 
90 32.22 Normal  Normal Normal 
91 32.78 Normal  Normal Normal 
92 33.33 Normal  Normal Normal 
93 33.89 Normal  Normal Normal 
94 34.44 Normal  Normal Normal 
95 35.00 Normal  Normal 45/15 
96 35.56 Normal  Normal 45/15 
97 36.11 Normal  Normal 40/20 
98 36.67 Normal  Normal 35/25 
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99 37.22 Normal  Normal 35/25 
100 37.78 Normal  45/15 30/30 
101 38.33 Normal  40/20 30/30 
102 38.89 Normal  35/25 25/35 
103 39.44 Normal  30/30 20/40 
104 40.00 Normal  30/30 20/40 
105 40.56 Normal  25/35 15/45 
106 41.11 45/15 20/40 Caution‡  
107 41.67 40/20 15/45 Caution‡  
108 42.22 35/25 Caution‡  Caution‡  
109 42.78 30/30 Caution‡  Caution‡  
110 43.33 15/45 Caution‡  Caution‡  
111 43.89 Caution‡ Caution‡  Caution‡  
112 44.44 Caution‡ Caution‡  Caution‡  

  
*With the assumption that workers are physically fit, well-rested, fully hydrated, under age 40, and have adequate 

water intake and that there is 30% RH and natural ventilation with perceptible air movement. 
†Note: Adjust the temperature reading as follows before going to the temperature column in the table:  

Full sun (no clouds): Add 13°, Partly cloudy/overcast: Add 7°, No shadows visible/work is in the shade or at night: 
no adjustment. 
Per relative humidity: 10%: Subtract 8°, 20%: Subtract 4°, 30%: No adjustment, 40%: Add 3°, 50%: Add 6°, 60%: 
Add 9°. 

‡ High levels of heat stress; consider rescheduling activities. 
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Table 2 Percentage of loss in productivity per hour for workers wearing normal 
work clothing 

Adjusted 
Temperature 

(°F) 

Adjusted 
Temperature (°C) 

Percentage of loss per hour (%) 
Light work Moderate work Heavy 

work 
90 32.22 0 0 0 
91 32.78 0 0 0 
92 33.33 0 0 0 
93 33.89 0 0 0 
94 34.44 0 0 0 
95 35.00 0 0 25 
96 35.56 0 0 25 
97 36.11 0 0 33.33 
98 36.67 0 0 41.67 
99 37.22 0 0 41.67 
100 37.78 0 25 50 
101 38.33 0 33.33 50 
102 38.89 0 41.67 58.33 
103 39.44 0 50 66.67 
104 40.00 0 50 66.67 
105 40.56 0 58.33 75 
106 41.11 25 66.67 100 
107 41.67 33.33 75 100 
108 42.22 41.67 100 100 
109 42.78 50 100 100 
110 43.33 75 100 100 
111 43.89 100 100 100 
112 44.44 100 100 100 

 
4. Discussion of results 
 
4.1 Weather Data Analysis 
Tables 3 and 4 show basic statistics for the adjusted maximum, minimum, and average 
temperature records. The temperature records were adjusted using different relative 
humidity values: maximum, minimum, and average. This fundamental analysis identifies 
whether the adjusted temperature values vary significantly with respect to the recorded 
maximum, minimum and average relative humidity values. From the results, no 
significant deviation from the average values is recorded.  
Table 5 below illustrates the probability of occurrence of the affected days for each 
summer month. That was found using the following equation (Eq.1) that defines the 
probability of occurrence of an event:  

𝑃𝑃(𝐸𝐸) =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑜𝑜𝑓𝑓𝑓𝑓𝑜𝑜𝑁𝑁𝑓𝑓𝑁𝑁𝑓𝑓𝑁𝑁 𝑜𝑜𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜𝑁𝑁𝑁𝑁𝑜𝑜
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜𝑝𝑝𝑁𝑁𝑓𝑓𝑁𝑁 𝑜𝑜𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜𝑁𝑁𝑁𝑁𝑜𝑜

   (1) 
Where the number of favorable outcomes is the percentage of rest per hour which 

is more than 0%, the number of possible outcomes is the total number of days considered 
in the data. Based on Table 5, it can be seen that June most affects construction projects. 
18% (refer to the Most Likely column) of the days in June are affected by temperature 
and relative humidity. However, the month of May is also significant. Its number of days 
with high temperatures is greater than June. 
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4.2 Weather Data Modeling and Validation 

Distribution functions of rest per hour (loss due to extreme weather conditions) 
for each month and distribution functions of the affected days are shown in Appendix-B. 
A statistical comparison of the generated output for each month was carried out to ensure 
that the similarity between the historical data and the generated data is statistically 
adequate. Statistical measures such as mean, standard deviation and variance were 
used to compare. The model was able to satisfactory replicate the actual data with some 
discrepancies. Tables (4.7-4.11) show the comparison of the generated data and the 
original data for each month. 
 
4.3 Application of the Model 
The construction productivity model was applied in a real construction project. The 
project schedule was fed with nine different weather effects testing scenarios. The testing 
scenarios are as follows: 
 Scenario-1: The project activities are categorized as a light workload, and the 

weather conditions are most likely. 
 Scenario-2: The project activities are categorized as light workload, and the 

weather conditions are worst case. 
 Scenario-3: The project activities are categorized as light workload and the 

weather conditions are optimistic. 
 Scenario-4: The project activities are categorized as a moderate workload, and 

the weather conditions are most likely. 
 Scenario-5: The project activities are categorized as moderate workload, and 

the weather conditions are worst case. 
 Scenario-6: The project activities are categorized as moderate workload and the 

weather conditions are optimistic. 
 Scenario-7: The project activities are categorized as a heavy workload, and the 

weather conditions are most likely. 
 Scenario-8: The project activities are categorized as heavy workload, and the 

weather conditions are worst case. 
 Scenario-9: The project activities are categorized as heavy workload and the 

weather conditions are optimistic. 
 

These testing scenarios were used to investigate the effect of weather on the 
construction project schedule. Activities performed during the hot and humid season are 
targeted in this part of the study. It is hypothetically assumed that the original project 
schedule has no weather consideration in estimating the project activities' durations. 
However, the usual practice is to extend the activity duration to count for unforeseen 
extreme weather conditions (time contingency).  

The construction duration of the project is 239 days. For this study, only the sub-
structure works and superstructure work were considered. The duration of the critical 
path for the construction part was found to be 150 days. 
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Table 3 Basic statistics for the adjusted temperatures 1 

Adjusted temperatures 
May June July August September 

Max RH Avg. RH Min RH 
Max 
RH 

Avg. 
RH 

Min 
RH 

Max 
RH 

Avg. 
RH 

Min 
RH 

Max 
RH 

Avg. 
RH 

Min 
RH 

Max 
RH 

Avg. 
RH 

Min 
RH 

Max Temp. 
Max 51.1 51.1 51.1 50.6 49.4 49.4 50.6 50.6 49.4 47.8 47.8 47.8 46.7 46.7 46.7 

Average 41.5 40.0 37.7 41.3 40.5 38.7 38.6 38.0 36.0 37.3 36.5 34.5 37.1 36.4 34.6 
Min 31.9 28.6 26.4 30.6 30.1 26.3 31.3 28.4 25.1 29.0 27.1 23.7 30.5 28.3 25.1 

Avg. Temp 
Max 44.9 44.9 44.8 46.1 45.8 45.8 45.9 45.9 45.9 43.9 43.9 43.4 41.6 41.4 40.9 

Average 38.4 37.1 34.5 38.5 37.9 35.7 36.5 35.9 33.7 35.2 34.4 32.1 35.0 34.4 32.4 
Min 29.4 27.1 24.8 29.6 27.3 25.1 30.4 27.6 24.4 27.6 25.0 22.6 29.4 27.2 24.4 

Min Temp  
Max 41.4 41.4 41.4 42.2 42.2 42.8 42.2 41.2 42.2 38.9 38.9 38.9 40.0 37.0 40.0 

Average 35.4 31.9 33.3 36.1 33.7 35.0 34.7 32.2 33.6 33.3 30.6 31.9 33.3 30.9 32.0 
Min 27.2 23.3 22.6 28.1 24.4 23.3 29.2 23.0 22.3 26.0 22.2 21.4 27.8 23.0 23.0 

 2 

Table 4 Probabilities of occurrence of the affected days for each month 3 

Month 
Percentage of days affected by temperature and relative humidity (%) 

Light Work Moderate Work  Heavy Work   
Most likely Worst Minimum Most likely Worst Minimum Most likely Worst Minimum 

May 11 47 0 42 81 11 74 93 43 
June 18 45 3 51 77 18 85 92 67 
July 7 20 1 23 48 8 67 86 41 

August 2 15 0 10 35 2 44 76 18 
September 0 10 0 6 36 0 35 76 12 

 4 
  5 
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Table 5 Comparing May and June generated date against real data 6 

Month May 
Workload category Light Work   Moderate Work   Heavy Work   

Scenario Most likely Worst Optimistic Most likely Worst Optimistic Most likely Worst Optimistic 
Best distribution 

function Gumbel Max Error Student's t Johnson SB Johnson SB Gumbel Max Error Johnson SB Johnson SB 

Type of data Real Gen.  Real Gen. 
Rea

l Gen. Real Gen.  Real Gen. Real Gen. Real Gen. Real Gen. Real Gen. 

Mean 4.67 4.74 32.70 32.33 0.05 0.02 22.2 21.03 59.27 57.40 4.05 4.11 38.65 38.35 72.31 70.91 
15.5

8 14.71 

Variance  234.9 
248.

5 
1664.

5 
1631.

0 1.33 1.39 894 892.7 1387 
1387.

6 
145.

9 
154.

3 
1002.

6 
1002.

7 979.5 989.2 413. 
413.1

4 

Standard deviation 15.33 
15.7

7 40.80 40.39 1.15 1.18 29.9 29.88 37.25 37.25 
12.0

8 
12.4

3 31.67 31.67 31.30 31.45 
20.3

3 20.33 
Month June 

Workload category Light Work   Moderate Work   Heavy Work   
Scenario Most likely Worst Optimistic Most likely Worst Optimistic Most likely Worst Optimistic 

Best distribution 
function Johnson SB Johnson SB Error Function Johnson SB Johnson SB Johnson SB Gen. Extr. Valu

e Johnson SB Gumbel Min 

Type of data Real Gen.  Real Gen. 
Rea

l Gen. Real Gen.  Real Gen. Real Gen. Real Gen. Real Gen. Real Gen. 

Mean 9.42 9.11 35.12 32.77 0.78 
-

0.0076 29.07 27.46 55.79 53.67 7.38 7.03 47.36 47.33 68.23 66.64 
25.4

9 25.44 

Variance  552.1
1 

568.
3 

1923.
7 1895. 24.6 25.198 

1157.
3 1148 

1588.
1 1578. 

300.
3 

308.
4 

1029.
4 

1076.
0 

1122.
5 

1129.
2 

535.
1 526.1 

Standard deviation 23.50 
23.8

4 43.86 43.53 4.96 5.0197 34.02 
33.88

5 39.85 39.73 
17.3

3 
17.5

6 32.09 32.80 33.50 33.60 
23.1

3 22.94 
  7 
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Table 6 Comparing July, August and September generated date against real data 8 

Month July 
Workload category Light Work   Moderate Work   Heavy Work   

Scenario Most likely Worst Optimistic Most likely Worst Optimistic Most likely Worst Optimistic 
Best distribution 

function Gumbel Max Johnson SB Error 
Function Johnson SB Johnson SB Gumbel Max Error Johnson SB Gen. Pareto 

Type of data Real 
Ge
n.  Real Gen. Real 

Gen
. Real Gen.  Real Gen. Real Gen. Real Gen. Real Gen. Real Gen. 

Mean 1.02 
3.5
9 3.65 14.3 13.5 0.4 -0.05 12.0 11.42 29.8 28.0 3.38 3.44 28.2 28.59 47.8 46.33 14.2 

Variance  74.67 
24
1 254.6 1017 999.4 13 13.2 642 651.4 1365 1345 169 180 778 759.06 1061 1059. 409 

Standard deviation 8.64 
15.
52 

15.95
7 31.89 

31.61
3 3.60 

3.639
3 25.34 

25.52
3 36.95 36.67 

13.0
2 13.40 

27.9
0 27.55 32.57 32.54 20.24 

Month August  
Workload category Light Work   Moderate Work   Heavy Work   

Scenario Most likely Worst Optimistic Most likely Worst Optimistic Most likely Worst Optimistic 
Best distribution 

function Gumbel Max Gumbel Max Constant 
(Zero) Gumbel Max Johnson SB Gumbel Max Johnson SB Gen. Extreme Val

ue Gumbel Max 

Type of data Real 
Ge
n.  Real Gen. Real 

Gen
. Real Gen.  Real Gen. Real Gen. Real Gen. Real Gen. Real Gen. 

Mean 1.02 
1.0
60 9.45 9.568 0.00 0 5.08 5.158 21.63 20.27 0.62 0.64 15.98 

15.2
1 38.92 39.07 5.22 5.27 

Variance  74.67 
78.
99 654.3 692.1 0.00 0 278.9 295.0 

1168.
7 1148 20.52 21.7 

480.6
6 

487.
3 1072.19 

1181.3
0 137.35 145.30 

Standard deviation 
8.64 

8.8
87
7 25.58 

26.30
8 0.00 0 16.70 

17.17
6 34.19 33.88 4.53 4.66 21.92 

22.0
8 32.74 34.37 11.72 12.05 

Month September  
Workload category Light Work   Moderate Work   Heavy Work   

Scenario Most likely Worst Optimistic Most likely Worst Optimistic Most likely Worst Optimistic 
Best distribution 

function Error Function Gumbel Max Constant 
(Zero) Gumbel Max Johnson SB Error 

Function Johnson SB Error Gumbel Max 

Type of data Rea
l Gen.  Real Gen. Real Gen. Real Gen.  Real Gen. Real Gen. Real Gen. Real Gen. Real Gen. 

Mean 0.06 -0.00185 4.98 
5.063

9 0.00 0 1.98 
2.021

8 18.92 17.83 0.19 0.00 11.33 10.70 36.50 37.16 3.27 3.31 

Variance  1.44 1.4754 
290.6

6 
307.4

8 0.00 0 73.06 
77.28

4 
875.0

4 
875.7

1 8.32 8.51 
297.1

7 
300.6

5 903.45 
907.5

5 82.58 87.35 

Standard deviation 1.20 1.2147 17.05 
17.53

5 0.00 0 8.55 
8.791

1 29.58 
29.59

2 2.88 2.92 17.24 17.34 30.06 30.13 9.09 9.35 

9 
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Fig. 1 shows the planned schedule of the project. Activities that lie in October, 
November, December and January are not considered in this analysis—where 
no temperature and relative humidity effect on construction performance was 
recorded. Table 6 shows the activities under consideration. Table 7 illustrates 
the results of the weather effect in terms of additional duration in each scenario. 
The construction activities affected after applying Scenario-1 are shown in Fig. 
2. The graph shows that the hot weather affected two activities. The critical 
path duration was calculated and found to be 152 days; it was increased by 
two days compared to the original critical path duration. This is due to the low 
rest percentage per hour for the light work and, most likely, scenarios. Fig. 2 
shows the results for Scenario-4, which is the moderate workload category and 
worst weather condition. The critical path duration was increased by three days. 
It reached a total of 153 days. For Scenario-8, the result is presented in Fig. 2. 
The hot weather conditions affected more activities compared to the other 
scenarios. It is shown that the critical path duration for the construction part 
was increased by eight days to reach 158 days. This is because of the high 
percentage of rest per hour for the heavy work and the worst weather condition. 

 
Fig.1 Project Planned Schedule 

 
Table 6 Affected Activities  

No. Activity 
 

Original Duration (days  
1 Shuttering, reinforcement, and concreting works for foundation 10 
2 Shuttering, reinforcement, and concreting works for stub columns 7 
3 Solid block works 5 
4 Applying bitumen paint 2 

 
    Table 7 Summary of Project Duration Results in each Scenario 

Scenario 1 2 3 4 5 6 7 8 9 
Additional Days 2 4 1 2 3 2 4 8 2 

New Critical Path Duration (days) 152 154 151 152 153 152 154 158 152 
Percentage of increase (%) 1 3 1 1 2 1 3 5 1 

7-8-18 7-28-188-17-18 9-6-18 9-26-1810-16-1811-5-1811-25-1812-15-181-4-19 1-24-192-13-19

1

3

5

7

9

11

13

15

17

Date 

Ac
tiv
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Fig.2 Affected activities and their durations for Scenario-1  
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     4. Conclusion 
 

This study aimed to investigate and anticipate the effects of weather on 
construction operations in Oman. This has been accomplished by developing 
a construction productivity model based on the National Institute for 
Occupational Safety and Health (NIOSH) prescribed work/rest schedule. 
Based on the knowledge gained from the literature review, it was concluded 
that temperature, humidity, wind speed, and precipitation are the most 
significant parameters affecting construction productivity. However, depending 
on the geographical location of construction sites, the weather conditions will 
naturally vary greatly. Since this research studies construction operations in 
Oman, high temperatures and humidity in the summer months were 
considered. Accordingly, weather data sets including these two parameters 
were obtained from the Civil Aviation Authority (CAA) and the National Oceanic 
and Atmospheric Administration (NOAA). The data sets covered daily readings 
for the last 17 years for the city of Muscat. The data sets were statistically 
analyzed to highlight the extreme weather records and the probability of 
occurrence of days affected by the weather. It was found that temperatures 
and humidity levels in the summer months have exceeded the NIOSH's 
threshold limit values. These findings indicate potential productivity loss and 
project delays. To anticipate these delays, distribution functions of productivity 
losses and affected days in each month have been developed. The generated 
data were validated statistically against the original data. The model was able 
to satisfactory replicate the real data with some discrepancies. The 
construction productivity model investigated the weather effects on project 
duration. It was applied to a completed construction project. Different weather 
testing scenarios were used to examine the impact of hot weather under 
different workloads on the project duration. The critical path duration was 
calculated for each scenario and compared with the original critical path 
duration. The results showed an increase in the critical path duration in all 
scenarios. It was found that 1%, 2%, and 1% increase in critical path duration 
for light work for Scenario-1,2,3 respectively. For the moderate work scenarios, 
the increase was 1%, 2%, and 1% for Scenario-4,5,6, respectively. It was 
found that there was a 3%, 5%, and 1% increase in critical path duration for 
heavy work for Scenario-7,8,9, respectively. 
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