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1 Introduction

When creating the progress schedule for construction execution, the actual progress often does not align with
the planned schedule, prompting global studies and experiments to analyze factors affecting execution
timelines; as documented in various studies, factors such as work period inaccuracies, resource relativity, and
the development of prediction models based on the Critical Path Method (CPM) are considered, with some
research suggesting that large-scale projects face uncertainties and require a scientific approach to accurately
predict building periods by analyzing these influencing factors [1], [2], [3], [4] highlighting references such as
Salem et al. (2005), which discuss the site implementation and assessment of lean construction techniques,
further emphasizing the need for innovative strategies to improve construction efficiency and predictability

[5].
2 Method

The research methodology involves a comprehensive approach starting with a literature review to identify
factors affecting construction timelines. The study collects both quantitative data (e.g., temperature, rainfall)
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and qualitative assessments of these climate factors. Statistical analysis is employed to understand the
probability distribution of these factors, which is assumed to follow a normal distribution. The researchers
calculate expected values and variances to quantify the impact of climate on construction progress. The core
of the study is the development of a mathematical model that predicts execution progress by integrating these
climate factors. The model uses equations to express both quantitative and qualitative influences, adjusting for
their individual and combined effects. The model's effectiveness is validated through simulations that predict
construction progress under various climate scenarios. The study demonstrates how the model can be used to
forecast construction timelines more accurately by considering climate variability. For example, the model is
applied to predict the impact of climate on construction activities in specific months, such as July, where
temperature and rainfall are significant factors. The results indicate a high probability of construction delays
due to climate, with the model providing a systematic way to adjust schedules accordingly. This research
highlights the importance of incorporating climate factors into construction planning and offers a quantitative
basis for improving execution progress predictions. The study concludes with potential applications in
construction management, suggesting that such models can enhance decision-making and resource allocation
in the face of climate uncertainty.

3  Result and Discussion

The prediction of the execution progress term by an factor in climate

Assuming that the probability distribution of factors affecting execution progress follows a normal distribution,
both qualitative and quantitative elements are considered in this distribution. The prediction of execution terms
for these influencing factors is conducted by selecting the target progress term TMTM and identifying the
primary factors that predominantly impact progress [6], [7], [8]. Statistical treatments are applied to survey
data to calculate probability characteristics, such as expected values and variances. This approach enables the
derivation of influence extents for each factor, distinguishing between quantitative and qualitative agents. For
quantitative factors, the influence is modeled as g(x)=6—axe(x)=06—ax, where a smaller 86 enhances prediction
accuracy [9] [10] [11]. For qualitative factors, the model &(x)=406—50xe(x)=46—50x is used. By calculating
these probability characteristics, the study aims to refine the prediction of execution progress, thereby
providing a more scientific and accurate estimation of building periods, as supported by the analysis of climate
effects on construction timelines.

n
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Here n : number of survey (experiment) data

x; : the i'" survey data

X : observer

Derivative that this factor expresses the extent influence on execution progress is derterminded as following
type

- the case that effect factor is quantity agent
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ex)=06—ax(a>0) 3

Here 0 < 6 < 1.

& is different each other in different progress or work,the accuracy of progress prediction model increases.

& is smaller,the correctness of prediction increase.

the case that effect factor is qualitative agent

e(x) =bs—ksx =486 —56x x € 4)
In this expression, e(x) < 6 (0 < § « 1), by = 46, kg = 58

The probability characteristic rates of effect derivative are calculated as following.
the case that effect factor is quantity agent

Expected value

pe =8 —au ()
variance
o2 = a%o? (6)
the case that effect factor is qualitative agent
Expected value
He = 48 — 584 7)
variance
02 = 256%02 (8)

The prediction progress function of the execution course is expressed as following expresion

Ty(x) =Ty + ()T = (1 + e(x))TM 9

The probability characteristic rates of predition progress function are calculated as following.

the case that effect factor is quantity agent
Expected value

pry =T + ueTy =Ty + (6 —a)Ty (10)
variance
of, = Tho? = Ta%o? (11)

the case that effect factor is qualitative agent
Expected value
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bry =Ty +p:Ty = (1448 — 561)Ty (12)
variance
of, = Tgo? = 25T;6%0> (13)
The prediction progress term for given fiducial probability is determinded as following.

- The distribution function of prediction progress express as following type.

2
exp (— M) dt (14)

- When fiducial probability is p{¢ < Ty}, the prediction progress term Ty is determinded by calculating the

Ty

Fap = |

ar, V2T

inverse function of distribution function F (Ty),
Thus From F(Ty) = p{¢ < Ty}

Ty(p) = F~1(Ty) (15)

The prediction of progress term considered the various effect in climate

Climate factors such as rain, wind, and temperature significantly influence the progress of construction
projects. These elements can cause delays, affect resource availability, and alter the efficiency of construction
processes. To predict execution progress accurately, it is essential to consider these climate factors [12] [13]
[14] [15] [16]. The methodology involves selecting a target progress term, Ty, and identifying the main climate
factors impacting progress. Statistical analysis of survey or experimental data is conducted to calculate
probability characteristic values, such as expected value and variance, which help quantify the potential impact
of these factors. Normalization of data ensures consistency and comparability, allowing for a more precise
prediction of execution timelines.

The prediction model incorporates effect derivatives to express the degree of influence each climate factor has
on progress. For quantitative factors like temperature, the effect derivative is calculated using specific
coefficients, while qualitative factors have their distinct expressions. The prediction function for execution
progress is formulated to include these derivatives, enabling a comprehensive analysis of the cumulative
impact of various climate conditions. This approach not only enhances scheduling accuracy but also improves
resource allocation and risk management, ultimately leading to more efficient project execution. By
understanding and accounting for the influence of climate factors, construction managers can better anticipate
and mitigate potential delays, ensuring projects are completed on time and within budget.
Xi = Xmin

X = ——— (16)

Xmax — Xmin
Here x; : the ith survey(experiment)data normallrized

x; : the ith survey (experiment) data

Xmax . Maximum value of survey (experiment) data
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Xmin - Minimum value of survey (experiment) data

The probability characteristic value of data normallrized are caculated by expression (1),(2).

It determind the effect derivations which express the degree that those factor influence on execution progress.
Determination of effect derivation for every factor conduct by eq.(3),(4).

It calculates the probability characteristic values for effect derivative of every factor.

the probability characteristic values for effect derivative are calculated by eq.(5~8).

The entire effect derivatives that consider the individual effect which every factor influence on execution
progress are determinded as following

(X1, X2, wov) Xp) ——ZE(XL Clzlzn:zn:E(xlﬂxj)+C2 Z zzn:e(xinxjnxk)+---

i= i=1j=1 i=1 j=1k=1
i*j i#j+k

+(-D¥ 1 i ii is(xinxjnxkn---nxl) (17)
=
1=n

i#jrk+#l
Here, : the number of effect factor
e(x;) : the effect derivative of the ith factor
XX, X - Lj,...,l th effect factor
In this case we use following function.
- the case considered only two factor
n 1 n n 1
= Z e(x;) — FE Z e(x; Nx;) = e(xy) + e(xy) — Ee(xl Nnx,) (18)
i=1 29=1j=1
i)
- the case considered only three factor
n n n n
1
S—Ze(xl)—clzZS(xlnxj)+ Z ZZs(xlnxjnxk) (19)
2= 1j=1 j=1k=1
i#j i;tj:tk

We calculate the probability characteristic value of the full of effect derivative.

Each effect element is independent and simultaneous density function is following to;

f(x1, %2, 00, %) = fx1 (xl)sz (x2) "'an(xn)
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(x4, x5, ..., xy) : simultaneous density function of

Here,
effect factor x,, x5, ..., X,
fx,,(xn) : density function of the nth effect element

Xn . the nth effect element

Uy, 02 © the Expected value and variance of the nth effect element

(xn - .un)2

)

On

+ (20)

If le] < 6 (0 < & « 1) exist, probability distribution function of the entire effect derivative is same as foll

owing.

F.(e)=P(E<¢)

1

(xy — #2)2

ex _l (x1_#1)2
P1732 ot

(xn - ﬂn)z]
t——
On

210105 ... Oy
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2
0;

The probability density function of the entire effect derivative is same as following.

dF;(e)
de

ﬂ@)={
0

Hence the expected value and variance of the entire effect derivative are determinded as following.

+00

Us = f sfg(s)dé::fsfs(e)ds

— 00

(21)
(0 <e< 5) (22)
else
5
(23)

0

+oo )
o2 = f (¢ — i) fu(e)de = j - fi(eds  (24)
—00 0

The prediction progress function of execution progress expresses by eq. (9).

The probability characteristic values of prediction progress function are calculated by using eq. (10~13)

We determind the prediction progress term for the given fiducia

fiducial probability by calculating the inverse function of the distribution function.
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Prediction building time considered climate condition in our country

To address this, we incorporate climate factors into the prediction of construction timelines. For instance, when
planning wall concrete work scheduled for July, it is crucial to consider the effects of climate conditions, such
as temperature and rainfall, on the building process. By analyzing historical climate data and applying
statistical methods, we can estimate the expected value and variance of these effects, allowing for a more
accurate prediction of the construction timeline. In this specific case, the target completion time, Ty, = 31, is
set at 31 days. We use mathematical models to assess the impact of climate factors, such as rain and
temperature, on this timeline. For example, if the temperature exceeds 33°C or rainfall surpasses 100 mm,
construction activities may be delayed. By calculating the expected values and variances for these climate
effects, we can adjust the predicted progress term accordingly. This approach not only provides a more realistic
schedule but also enhances risk management by anticipating potential delays due to adverse weather
conditions. As a result, construction managers can better prepare and allocate resources, ensuring that projects
are completed efficiently and within the anticipated timeframe.

From given condition target time T,, = 31 and factor is climate and rain effect.

x; is the effect of climate, using the equation 16 regulate survey data, and then calculate the probavility chara
cter using the equation 1,2.

So mathematic expected value and dispersion value is followed regular dispersion p;" = 0.58, a’f = 0.162.
X, is the effect of rain and according to the same method calculate the regulated survey data.

Exept the no rain day and day that rained bellow 10mm.

So mathematic expected value and dispersion value is followed regular dispersion

X,'~N(0.58,0.16%) x', =1, =0

X1 1min
X,'~N(0.14,0156%) x,’ =1 x' . =0
U’ =1[0,1] x [0,1]
Temperature and no factor are fixed quantity so decide the effect derivative function by equation 3.
Let decide the coefficient §;, a, in the effect derivative function of temperature.

In the case high temperature is bellow 20°C, it doesn’t effect to work and if the temperature is above 20°C it
start to effect to work, if it is above 33°C we can not work.

Thus, temperature is 33°C, Ty = 31(1 + s(xl)) by this equation the predict progress increase more one day,
if temperature is bellow 20°C &(x;) = 0 and else e(x;) =~ 0.032.

According to this, calculate the coefficient §;, a1, a;’ = —0.0429,
8,' = —0.0035 so effect derivative function expression of temperaure is bellow.
e(x,) =6, —a;'x;’ = 0.0429x;" — 0.0035 x,' €10.08,0.83]
If temperature is x; < 20°C, derivativeis e = 0, if x; > 33°C derivative is ¢ = 0.032.
Expective value and valience of Influence function of temperature is calculated by equation 5,6.
He(ryy = &1 = a1'my’ = 0.0429 X 0.58 — 0.0035 ~ 0.02

0%, = @10’ = 00429 X 0.16? ~ 0.007

Let decide the coefficient &,, a, in the effect derivative function of rain (x,) = §, — a,x,.
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Rain of above 10mm start to effect, if it is above 100mm we cannot work.

Thus if rainfall is 100mm, by this equation Ty = 31(1 + £(x;)) the predict progress increase more one day s
0 e(x3) = 1/31 ~ 0.032.

Thus calculate by regulated data, result is a,’ = —0.067, §,' = —0.0032 .
The expression equation of rain is bellow.
E(XZ,) = 62, - aZIXZI = 0.067x2, —0.0032 xZ, € [O, 046]

Expective value and valience of Influence function of rain is calculated by equation 5,6. Thus

He(x,y = 82" — @'tz = 0.067 X 0.14 — 0.0032 ~ 0.006

ng(xz’) = a'50'5 = 0.0672 x 0.1562 ~ 0.0105

Decide all of effect function using equation 18.

n n n

1 1
£ = Z e(x;) — FZ Z e(xi n xj) =¢e(xy) + e(xy) — Es(xl N x,)
i=1 2%=1j=1
i#j
1
= e(x) + e(xz) — 7 e(xn)e()
= a,(1+0.58,)x; +a,(1+ 0.56;)x, — 0.5a,a,x;x, — (81 + 8, + 0.56,8,)
So

e(xy',x,") = 0.0445x," 4+ 0.069x," — 0.0014x,'x," — 0.0067

0
{0.0445x1' +0.069x," — 0.0014x,"x," — 0.0067
e(xy', %) = 0.0429x,’ —.0035 + 0.032
0.067x,’ — 0.0032 + 0.032

0.064

(1% %" £0.08,x," < 0)
(x1',x3"|x," € (0,0.83],x," € (0,0.46])
(x1',x5"|x," € (0,0.83],x," € (0.46,1))
(x1',x3"|x," € (0.83,1),x," € (0,0.46])

(1" %" [x1" = 0.83,x," = 0.46)

Whole effect function diagram is figure 1.
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Figure 1 Graphical Representation of Climate Impact on Construction Progress

The same time probability density function is presented like bellow and the diagram is bellow (Figure 2).
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Figure 2 Probability Density Function of Combined Climate Effects on Construction Progress

Probability fuanction of whole effect function is expressed by equation 21.
F.(e)=P(E<¢)
_ ff 1 1[0 —m)? | (k2 = 2)?
= ——exp{—= +

dx.d
2moy0, i3 of o7 Y xidx;

e(xq1,xp)<¢e
Also probability density function of whole effect function is expressed by equation 22.

dF(e)
fg(g)=T (0<exd)

0 else
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Expective value of whole effect function is by equation 23

+00 )

pe= | efiede = [ efterde =

0

ff e(xq, x2) /1 + e,’cz + SJ’,Zfs(s)d X1dx;

e(xq,xp)<e

i r—— - ff e(xy’, x3") /1+sx + &, exp{——[(xl ) +( —,uz’) ]}dxldxz

s(x1 Xz)SE

(e} = 0.0429 — 0.0015x," , &, = 0.07 — 0.0015x;" )

SO

In before equation replace ;' = 0.58, u,' = 0.14, 0’5 = 0.162, o'5 = 0.1562, £(x;’,x,") and calculate

result is

pe = 0.0307

Variance of whole effect function is by equation 24

(X) 8
o2 = f (¢ — ue)? fule)de = f (¢ — i) fu(e)de
o) 0

= Jf [e(x1, x3) — pe]? /1 +e’ + &y fs(f)d x1dx;

&(xq,xz)<e

[ ozs 2 (o —m)? | G =)
=m ff [eCxy’, x5") — pe)? 1+£,@2+sy exp{—i[ 10_11 + 20,%2 d x,dx,

&(xq,x2)<€

In before equation replace p, = 0.0336, uy' = 0.58, 1,' = 0.14, 6’2 = 0.162, ¢'5 = 0.1562, e(x;’, x,") a
nd calculate result is
o2 =0.0335
Expective progress function is bellow by equation 9.
Ty = Tu(1 + £(x1,x2))
Expective value and vaiance of expective progress function is calculated by equation 4-10,4-11.
ur, = Ty (1 + ) = 31(1 + 0.0307) = 31.95
of, = Tjz0¢ = 31% x 0.0335% = 1.04%

Time limit that expective value Ty 99% is calculated by equation 15.

In calculation result Ty = 4.65.

So in july, probability that progress is extended by effect of climate is 99% (Figure 3).
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Figure 3 Probability Density Function of Climate-Induced Progress Delays

According to the same method, we consider in the period from march to may the effect of wind and rain, in ju
ne the effect of wind and temperature, from july to August the effect of temperature and rain, from Septembe
r to November the effect of wind and rain, probability of extension in each month is bellow (Table 1).

Table 1 prediction period considered effect of climate

Extention day

month Effect of climate 99%
3 Wind,rain 1.50
4 Wind,rain 2.88
5 Wind,rain 3.73
6 Wind,temperature 3.86
7 Temperature, rain 4.65
8 Temperature, rain 5.89
9 Wind,rain 2.93
10 Wind,rain 1.58
11 Wind,rain 1.42

4  Conclusion

This study presents a comprehensive approach to predicting construction project timelines by incorporating
climate factors, particularly temperature and rainfall. The research develops a mathematical model that
guantifies the effects of these climate factors on construction progress, using statistical analysis and probability
distributions to predict the likelihood of climate-induced delays. The methodology involves selecting a target
progress term and identifying key climate factors impacting construction. Statistical analysis of survey data is
conducted to calculate probability characteristics, such as expected values and variances, which help quantify
the potential impact of these factors. The model uses equations to express both quantitative and qualitative
influences, adjusting for their individual and combined effects. A case study focusing on wall concrete work
scheduled for July demonstrates the model's application. By analyzing historical climate data, the study
estimates the expected value and variance of climate effects on the construction timeline. The results indicate
a 99% probability of project extension in July due to climate effects, with an estimated 4.65-day delay. The
research extends this analysis to other months, considering various climate factor combinations such as wind
and rain in spring and fall, and temperature and rain in summer. This approach provides a month-by-month
breakdown of potential extension days throughout the year, offering valuable insight for seasonal planning in
construction projects. This model contributes significantly to construction management by offering a
quantitative method to incorporate climate risk into project scheduling. It enables project managers to better
anticipate delays, allocate resources more efficiently, and improve overall project planning and execution. The
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study concludes by suggesting potential applications and future research directions to enhance the model's
effectiveness across diverse geographical regions and climate conditions.
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