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Abstract - The most catastrophic accident of collapsing tower cranes occurred in 2015 in the third Holy Harm expansion. 
This case can be considered as a unique incident for different reasons such as the huge number of victims and the rotation 
direction of the main crane arm. The main objective of this research is to check if the selected location of the tower crane 
contributed on the collapsing the tower crane due to the wind storm or not, while determining the actual wind force acting on 
the tower crane just before its collapse is beyond the scope of this research. Two Computational Fluid Dynamics “CFD” 
models have been developed to achieve the main objective. The first model comprises the actual terrain, the main buildings 
surrounding the crane and the tower crane, where virtual approximate dimensions of the collapsed crane have been assumed. 
The second model studies the wind forces acting on the virtual tower crane in an open area. The Saudi building code was 
used to develop the wind profile in both models. The numerical models comprise nearly 2.8 & 0.4 million tetrahedral 
elements respectively. The study indicates that the crane was placed in a wind corridor and the selection of the crane location 
in the Holy Harm is considered one of the factors contributed to the collapse of the tower crane. Thus, wind model is 
recommended to be developed in the selection of the working location of cranes in some special cases such as the Holy 
Harm and the prophet Mosque. 
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I. INTRODUCTION 
 
The influence of wind on structures is a complex 
subject. The wind field varies both in space and time, 
and thus a statistical approach is demanded to 
describe wind loading. For low and stiff structures, 
wind induces surface pressure and suction, which 
could be critical for facades and roofs. For bridges 
and high rise buildings, the effects of wind are more 
complicated (Simiu, 2001). 
Nowadays, tower cranes, which can be considered as 
high lattice steel temporary structures, are one of the 
most common construction equipment and they are 
used widely in construction projects. Practically, 
cranes are a common fixture at any major 
construction site as very important construction 
equipment. As any large equipment, several risks 
may associate with its use. One of the most 
catastrophic risk is its collapse. Many cases of 
collapsing cranes were occurred around the world in 
the last decades resulting in many disasters, where the 
majority of them were collapsed during their 
movement. The wind effects on these cranes are main 
issue in the design of tower cranes to mitigate these 
risks. Some researchers studied the wind effects on 
tower cranes (McCarthy & Vazifdar 2004 & 2001). 
CFD has been implemented as a powerful numerical 
tool to study different types of aerodynamics 
problems. It can be used to determine the bending 
moments, torsion moments, normal forces and 
stresses in a complex building (Farouk et al, 2005) or 
high rise buildings (Farouk et al, 2007). In addition,  

CFD has been implemented to study the comfort of 
the pedestrians around single building or around 
small group of buildings or inside large football 
stadium (Bottema, 1991), (Blocken et al., 2009, 2007 
and 2004). It may be used to study the vibration of 
high rise buildings (acceleration) to check the 
comfort of the occupants (Abobasha et al, 2010 & 
Farouk, 2015). 
In this study, two CFD models were developed to 
analyze the wind effects on the collapsed crane by 
simulating the actual terrain, the main buildings that 
surrounding the tower crane and the tower crane itself 
using CFD. The first model comprises the terrain, the 
crane and the main buildings that surrounding the 
crane. The second model studies the virtual crane in 
an open area. The Saudi building code was used to 
develop the wind profile in both models. The 
numerical models comprise more than 2.8 & 0.4 
million tetrahedral elements respectively. 16 wind 
directions with equal intervals are studied for both 
model. The interval angle between each direction is 
22.5o. Those cases were solved as time-dependent, 
three-dimensional and highly turbulent flow. 
 
II. CASE STUDY 
 
In 11th September 2015, 27th Thul-Qida 1436, 108 
people have died and at least 238 injured after the 
collapse of a tower crane at the Holy Harm piazza 
during rest due to a strong wind. This case is 
considered as the worst disaster ever for the tower 
crane collapse. Although there are tens of cases of 
collapsing tower cranes along the last decades in the 
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entire world, the collapse of Holy Harm crane is 
considered a unique accident not only for the huge 
number of the victims but also for the rotation of the 
main arm in its reverse direction, the collapse during 
the rest time and the privacy of Holy Harm. 
 
2.1. Basic Wind Speed 
The basic wind speed in Holy Makkah is not defined 
in Saudi Code but it is defined in nearby cities such 
as Taif and Jeddah, where the basic wind speed for 
both cities is 152km/h. Therefore, the basic wind 
speed in Holy Makkah is assumed 152km/h in the 
current research. The study area can be considered as 
category “B”. 
 
2.2. The Wind Profile 
The wind profile at the inlet of the CFD models will 
be developed from the below equation (1), which is 
equation (7.2-11)in Saudi Code. 

V = b
∝

V(
.

)   (1) 
Where 

 
 
2.3 The Tower Crane 
A virtual dimension of the tower crane from the 
available data is assumed as shown in Fig. 1, by using 
the available photos of the crane. The tower crane is 
assumed as a block not as lattice steel members since 
the results will be used for a ratio not as certain 
values. The cross sections of the crane are assumed 
square sections with length “t”. 
 

 
Fig.1: The virtual approximated dimensions of the tower crane 
 
III. THE NUMERICAL MODELS: 
 
In this study, two numerical models are developed to 
analyze accurately the effect of the wind on the crane 

at the Holy Harm piazza. Both cases were solved as 
time-dependent, three-dimensional, high turbulent 
flow, no external forces and stiff crane. The 
compressibility of air is neglected because the wind 
speed is insignificant compared to the sound speed. 
The main objective of the mesh generation was to 
provide the appropriate size of different elements 
everywhere in the entire model, to prevent the 
creation of any inverted element and to decrease the 
skewness of the elements. The skewness limit in the 
first model is 0.97, while it is nearly 0.8 in the second 
model. 16 wind directions are studied in each models. 
The interval angle between any two consecutive 
directions is 22.5o. 
 
3.1. The First Model 
The main objective of this model is to evaluate the 
wind speeds at the location of the crane. The model 
comprises 2.8million tetrahedral elements. The 
location of the crane is placed nearby the royal palace 
by using Google Earth. As shown in Fig.2, the main 
buildings surrounding the location of the crane are 
inserted in the model, which are Holy Harm with its 
new expansion; king Abdel Aziz Endowment; Jabal 
Omar (at the construction stage in the collapse day); 
royal palace on mount Abu Kubais; Hilton hotel; Dar 
El-Tauheed & some other hotel buildings and the 
tower crane. 
 

 
Fig. 2: The crane in the Holy Harm Piazza 

 
3.1. The Second Model 
This numerical model is developed to study the wind 
effects on the crane in an open area as shown in Fig .
3 The dimensions of the crane are typical to the 
virtual approximated dimensions shown in Fig.1 The 
difference between the actual and the virtual 
dimension will affect only the effective percentage of 
increase or decrease of the wind loads between the 
crane in the real location and the crane in an open 
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area. The mesh comprised about 0.4 million 
tetrahedral elements. 

 
Fig.3: The tower crane in open area 

 
3.3. The Wind Forces 
The acting wind forces on the crane were calculated 
for both models. The normal stresses, normal forces, 
bending moments and torsion moments can be 
calculated from the models in all directions. Total 
bending moments are considered the main wind force 
that caused the crane collapse in this research. Total 
bending moments are calculated at the bottom of the 
tower crane as highlighted in Fig. 3. 
 
IV. THE RESULTS 
 
The results of each numerical model will be discussed 
separately hereunder: 
 
4.1 The First Model 
The results of the first model can be capsulated as 
follows: 
 The bending moment acting on the crane at 

Holy Harm “B.M Harm” has been calculated for 
all studied wind directions “16 directions”. 

 The average bending moment acting on the 
crane at its working place in the Holy Harm 
“B.M av. Harm” has been calculated for all wind 
directions 

 Fig.4 illustrates B.M Harm/B.Mav Harm ratio for 
all wind directions, where the critical wind 
directions are North North-East, West South-
West and South West 

 The most critical wind direction is the North 
North-East and the least critical wind direction 
is the South direction and South South-West as 
shown in Fig. 4. 

 

 
Fig. 4: B.M Harm/B.Mav Harm for the first model. 

 

 Fig.5.a illustrates the contour of the wind 
speed at 45m above the ground “North North-
East wind direction”, where the crane is 
located within a wind corridor. The wind 
forces are acting to rotate the crane in its 
direction of collapse. 

 Fig.5.b illustrates the contour of the wind 
speed at 45m above the ground “South West 
South-West wind direction”, where the crane is 
located within a wind corridor. The wind 
forces are acting to rotate the crane in the 
reverse direction of its collapse. 

 
4.2 The Second Model 
The results of the second model can be capsulated as 
follows: 
 The bending moment acting on the crane in 

open area “B.M Open” has been calculated for 
all wind directions (16 directions). 

 The average bending moment acting on the 
crane in open area “B.M av. open” has been 
calculated for all wind directions 
 

 
5.a: North North-East wind direction 

 
5.b: West South-West wind direction 

Fig.5: The contour of the wind speed at level 45m above the 
ground 

 
 Fig.6 illustrates “B.M Open/B.Mav Open”ratio for 

all wind directions, where the most critical 
wind forces acting on the crane in any open 
area is 45o and 135o, while the least critical 
wind direction acting on the crane in open 
areas is in the crane arms direction, which is 
the same direction of the crane collapse. 

 Fig.7 shows “B.M Harm/ B.M Open” for all wind 
directions (with the same wind direction 
relative to the crane during collapse) 

 The bending moments acting on the crane at 
Holy Harm are more critical in four wind 
directions only comparing to the bending 
moments acting on the crane in an open area. 
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These wind directions are North North-East, 
East North-East, North West and West South-
West as shown in Fig.7. 

 The maximum bending moment value at the 
Holy Harm is at North North-East., while the 
maximum increment ratio (B.M Harm/ B.M Open) 
is at West South-West direction. 

 The North North-East wind is acting in the 
same direction of the crane collapse, while 
West South-West wind is acting in the reverse 
direction of the crane collapse. 

 The bending moment acting on the crane at 
Holy Harm is nearly equal to the bending 
moments acting on the crane in North North-
West direction, which means no effect of the 
surrounding buildings and actual terrain on the 
wind forces in this lonely direction. 

 The bending moments acting on the crane at 
Holy Harm is less than those acting on the 
crane in open area for all other directions (11 
wind directions) 

 
Fig.6: B.M open/B.Mav open 

 
Fig.7: B.M  Harm / B.M Open ratio 

 
CONCLUSIONS 
 
The study indicates that the crane was placed in a 
wind corridor and the selection of the crane location 
at the Holy Harm is considered one of the factors 
contributed to the collapse of the tower crane. Thus, 
wind model is recommended to be developed in the 
selection of the working location of tower cranes in 

some special cases such as the Holy Harm and the 
Prophet Mosque. 
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