
CRANE SAFETY OPERATION

1. Risk

2. Inspection

3. Hydraulic

4. Outrigger

5. Steel rope

6. Operation

7. Tandem lift

8. Lifting Calculation

9. Crane Selection

10. Rigging

Presenter: Nguyen Si Khang



Crane – Risk 
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Load Chart- Function 

• Crane must have its own Load chart for reference
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Load Chart- Information 

1. Radius working
2. Length boom
3. Gross Weight or Net Weight
4. Number of lines
5. Counter weight



Load Chart- Crane Topple
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UNIC CRANE



Crane Inspection



Crane Inspection- Outrigger





Crane accessory – Foundation
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Crane Accessory – Slewing Ring Bearing

Presenter: Nguyen Si Khang



Presenter: Nguyen Si Khang

Crane Accessory – Slewing Ring Bearing



Crane accessory – Lattice Boom
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Crane accessory – Connecting pins/ cotter pins

• Using welding sticks instead of 
proper cotter pins is not allowed.
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Crane accessory – Connecting pins/cotter pins
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BRAKE OF ROPE DRUM



LATTICE CRANE PARTS



Crane inspection at site

• Booms;

• Lattice boom + connecting pins/cotter pins;

• Outriggers/ footing floats;

• Wire ropes;

• Wire rope on drums;

• Load blocks;

• Hooks;

• Anti-two-block device;

• Wedge sockets;

• Hydraulic systems;

• Man basket;

• Lifting gears;

• Lifting lugs/eyes.
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Crane accessory – Load Block/Hook

Load block must have safety latch and all 
bolts/nuts are in place and secured.
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SHEAVE & ROPE SIZE



SMALL BLOCK HOOK



ANTILOCK DEVICE



ANTILOCK DEVICE



Crane accessory – Anti two block device
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Crane accessory – Anti two block device
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Crane Accessory - Wedge Socket

The wedge socket must be properly installed with clamp/shackle
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Crane Accessory - Wire Rope On Drums
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Crane Accessory - Lifting with Screw Clamps
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Crane Accessory - Load Holding Valve
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Crane Accessory -Lifting Gears
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Moment Limiter
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Crane Accessory -Moment Limiter

Light indicator
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Crane Accessory -Moment Limiter
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Load Chart- Crane Structural Damaged
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Hydraulic System
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Do not block beneath outrigger beam

OUTRIGGER SETTING



OUTRIGGER SETTING



OUTRIGGER SETTING



OUTRIGGER SETTING



OUTRIGGER SETTING



COUNTER WEIGHT

Do not apply extra 
counter weight



Outrigger Set Up

Beams and housings of the outrigger, floats and pads MUST be free of distortions, defects or cracks.
Mat must be of solid and strong material and large enough to spread the load.
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Outrigger Set Up
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Outrigger Set Up

As the crane boom out, the bearing pressure in these outrigger foot plates would increase due to the increase 
moment, generated by the extended radius. This would give you a higher set of values
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Outrigger Set up- Load Holding Valve
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Outrigger Set up- Load Holding Valve



HYDRAULIC CYLINDER 











HOLDING VALVE



Hydraulic 
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Hydraulic System- Brake Testing is Required
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Hydraulic Cylinder
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Crane Set Up
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Outrigger Set Up- Timber Pad
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Outrigger Set Up- Soil Bearing Capacity
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OUTRIGGER SETUP



Outrigger Set Up- Stabilizer Float Square Meter

Load’s Leverage= Weight A * L1 Crane’s Leverage = 
Load’s Leverage
Weight B = Load’s Leverage/ L2

S=
𝑊𝑒𝑖𝑔ℎ𝑡 𝐴+𝑊𝑒𝑖𝑔ℎ𝑡 𝐵 +

𝑊𝑒𝑖𝑔ℎ𝑡 𝐶𝑟𝑎𝑛𝑒

4

𝑆𝑂𝐼𝐿 𝐵𝐸𝐴𝑅𝐼𝑁𝐺 𝐶𝐴𝑃𝐴𝐶𝐼𝑇𝑌

L1L2



Wire rope 
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Wire Rope – Block Hook
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Fitting Wedge Rope
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Wire Rope 



BASIC HITCHES



BASIC HITCHES



Masterlink- Functional



Wire Rope 
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REMANING WRAP ON THE DRUM





Wire Rope Sling Eyes

Eye splices must be tucked at least 

three times for each strand. Mechanical Eye Splice
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Wire Rope – Working Load Limited

WLL= ( Square meter* Minimum Breaking Load)/Safety Factor.





Wire Rope – Damaged 



Chain Sling
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Chain Sling Calculation
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Safety Factor Of Chain Sling
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Safety Factor Of Chain Sling
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WEBSLING

81

Rules of the thumb : 1inch= 1 ton( width )
Do not knot or damaged the synethic sling



Operation
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OPERATION
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Operation- Stucked by Counter Weight
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Operation- Collision



Background
A worker was fatally injured by a falling load while erecting a 
transmission tower west of Dalby in Queensland in March 2012. A 
20 tonne rough terrain mobile crane was being used to lift part of 
the tower when it appears the auxiliary winch inadvertently went 
into free fall and the load fell, striking the worker.
Hoist winches on some mobile cranes are fitted with a free fall 
feature that allows the hook and load to fall under gravity in an 
uncontrolled manner. This feature has been traditionally provided 
on cranes for activities such as clam-shell dredging and dynamic 
compaction. However, the risk associated with an inadvertent 
activation of the free fall feature can be high and the provision is 
rarely needed. Most mobile crane manufacturers do not provide this 
feature on new cranes. The risk to workers from falling loads and 
potential damage to the crane and crane operator is too great to 
continue to allow free fall on cranes as standard industry practice.

https://www.worksafe.qld.gov.au/news-and-events/alerts/workplace-health-and-safety-alerts/2012/mobile-cranes-with-a-
free-fall-feature#:~:text=Hoist%20winches%20on%20some%20mobile,shell%20dredging%20and%20dynamic%20compaction.

FREE FALL FUNCTION OF BLOK HOOK MUST  BE LOCKED OUT



SIDE LOADING



Operation- Extension Boom Consequence
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Operation- Extension Boom Consequence
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Operation- Extension Boom Consequence
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Operation- Extension Boom Consequence
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Operation- Extension Boom Consequence
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Operation- Extension Boom Consequence
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1 2

At the same working radius, why

longer boom can carry heavier load?



1 2

(d) : y=ax+b

O(0:0)

A(9:19.38)

 y= 2.15



Case01: 
LS1 = 11.5m, LS2 = 7.88m 
With LS1 = 11.5m, LS1 = 11.5m
 M1= Ws1  , Right Arm RA1 = 2.67442m
 M2= Ws2 +Ws3+Ws4 Ws5,  Right Arm RA2 =4.50698m

With Radius working R= 9m,  Length boom LB = 19.38m,  first boom section LS1 = 11.5m



Case 02:

 L S3 = L S4 = L S5 =2,62667m
 M1= Ws1+Ws2

 M2= Ws3+Ws4 Ws5

With LS1 = 11.5m, LS1 = 11.5m

 M1= Ws1 +Ws2  , Right Arm RA1 = 2.67442m
 M2= Ws3+Ws4 Ws5,  Right Arm RA2 =4.50698m

With Radius working R= 9m,  Length boom LB = 19.38m,  first boom section LS1 = 11.5m



Crane Checking/ Inspection
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Tandem Lift

Presenter: Nguyen Si Khang



D1 D2

Tandem Lift
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Crane B

Trọng lượng mã hàng P

L1 L2

Crane A

L

Tandem Lift

Crane A= L2.P/L

Crane B= L1.P/L
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a2= b2 +c2

a,b,c : length of triangle  ABC

x: distance lift up of crane 2 là khoảng cách nâng
y: distance of crane 1 go to crane 2
When radius working increase is meaning the crane are working overload, it to be losing balance. Normally, when the crane increase 1m radius working 
the crane will lose balance. 
Apply the Pitago regulation,we will have the  distance increase “b” of crane 2

a2= (b+x)2 +(c-1)2)

x

a= 21

b= 6.4031

c= 20

Tandem Lift
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Crane A= L2.P/L

Crane B= L1.P/L

Crane B

Trọng lượng mã hàng P

L1
L2

Crane A

L

Tandem Lift
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Tandem Lift
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Tandem Lift
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Tandem Lift

Presenter: Nguyen Si Khang



Tandem Lift
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A B

C

DE

F

α

h

m

Tandem Lift
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2700

35055 6000

2700

35055 6000

35158.8257

6579.5

Tandem Lift
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Tandem Lift
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α= 4 degrees

m= 5.4 m

h= 6 m

AB= 5.386846 (=m*cos α)

CF= 0.418539 (=h*sin α)

AE=EB= 2.693423 (=AB/2)

DB= 2.274884 AE-CF

Load 520 Tons

Load on A 219.5978 Tons

Load on B 300.4022 Tons

Tandem Lift
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Tandem Lift
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http://www.heavyliftspecialist.co
m/heavy-lift-articles/lifting-
pressure-vessel-main-lift-cranes-
tailcrane/

Option 1

Option 2

Tandem Lift
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A B C
O

D E

F

α

G

H

At horizontal Total weight 520 Tons

GH= 2.7 m

OE= OF 6 m

OA= OH 35.055 m

Load on A = 75.99561564 tons

Load on B = 444.0043844 tons

α= 85 degrees

OD= 0.522934456 m

OB=OC +CB 5.744970247 m

OC= 3.055244562 m

CB= 2.689725685 m

Load on A = 43.38386275 tons

Load on B = 476.6161373 tons

Tandem Lift
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http://www.heavyliftnews.com/heavy-lift-articles/5415

Tandem Lift
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Tandem Lift
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α= 6 degrees

m= 5.4 m

h= 6 m

AB= 5.370418 (=m*cos α)

CF= 0.627171 (=h*sin α)

AE=EB= 2.685209 (=AB/2)

DB= 2.058038 AE-CF

Load 520 Tons

Load on A 199.2731 Tons

Load on B 320.7269 Tons

Tandem Lift - Backups
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Tandem Lift 



Cùng hệ treo và điểm treo thẳng hàng

Tandem Lift 



Multiple crane



http://www.cranesandlifting.com.au/cica-guidance-note-single-crane-dual-hook-operation/

Single Crane Dual Hook Operation

Simultaneous use of both main and aux hooks should only be 
done in accordance with instructions provided by the crane 
manufacturer
Do not lift up” If the entire weight of the load to be lifted 
exceeds either the minimum rated capacity of the main or 
the auxiliary hook( holding brake ) “

Presenter: Nguyen Si Khang



LOADING

Weight of load = ?

WEIGHT OF MATERIALS

Kg/m3 T/m3

Aluminium 2643.046 2.643

Copper 8970.339

iron 7688.862 7.6889

lead 11373.11 11.3731

steel 7849.047 7.849

concrete, slag 2082.4 2.0824

tone 2306.659 2.3067

concrete reinforced 2402.77 2.4028

glass 2562.954 2.563

paper 961.1078 0.9611

oil 929.0709 0.9291

water 993.1447 0.9931

earth wet 1601.846 1.6018

earth dry 1201.385 1.2014

sand gravel wet 1922.216 1.9222

sand gravel dry 1681.939 1.6819

cement  2931.379 2.9314

crushed rock 1762.031 1.762
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CENTER OF GRAVITY



CENTER OF GRAVITY
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CENTER OF GRAVITY



CENTER OF GRAVITY
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CENTER OF GRAVITY
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http://www.heavyliftnews.com/news/video---guidance---lifting-a-load-with-several-mobile-cranes--multiple-lifting--?cu=58

CENTER OF GRAVITY

Presenter: Nguyen Si Khang



CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY

Ontario, Canada, 29 May 2013
A rotor was dropped last week as it was unloaded at new power generation facility in Durham Ontario, Canada
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CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY

I would recommend not to use a Super Bar™
design, when lifting loads from lift points 
below the CoG.

http://www.heavyliftnews.com/news/
scf-is-changing-the-future-of-the-
spreader-bar-industry-and-setting-
new-standardsDue to the smal lift 

triangle from swivel 
point of the hook 
to the lift beam sling 
connections, which 
projected down 
through the lift 
points and not 
enclosing the CoG, 
the load tilts as 
shown above. 
As long as the lift 
points are above the 
CoG, there is no 
problem, or ensure 
the lift triangle 
encloses the CoG.
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CENTER OF GRAVITY
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CENTER OF GRAVITY
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Presenter: Nguyen Si Khang



CENTER OF GRAVITY
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CENTER OF GRAVITY
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CENTER OF GRAVITY

If there is adequate crane 
capacity, crane stability, 
boom clearance & rigging 
capacity, is this a safe 
lift? YES or NO 

http://maximumreach.com/Quiz6Ans.htm
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CENTER OF GRAVITY
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CENTER OF GRAVITY

The answer is no, this is not a safe lift. It is unstable against tipping in the transverse direction and borderline 
stable against tipping in the longitudinal direction.

This is because the angle Alpha below the center of gravity (CG) in the transverse direction is 45 degrees, and 
the angle Beta at the spreader bar is approximately 24 degrees. In order to be stable, Beta must be greater 
than Alpha.

For the longitudinal direction, angle Alpha is 32.75 degrees and angle Beta at the spreader bar is approximately 
35 degrees. As Beta is greater than Alpha, theoretically, it is stable.

Now the most often asked question is how much greater must angle Beta be than angle Alpha. 
Theoretically and on paper, if Beta is as great as say one degree larger than Alpha, the lift should be 
stable. But due to the dynamics of lifting, the CG location not always being know accurately, the slings 
not always matched for length, etc, it is recommended that Beta be at least 20 degrees larger than 
Alpha. In most cases this will be conservative but safe. 
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• How do you identify the 
center of gravity for this 
precast concrete?

4

3

2

1

1

CENTER OF GRAVITY
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• Identify the center of gravity of 
each small part 

Identify the center of gravity of 
each small part 

CENTER OF GRAVITY
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• M1 = 1x2x2x2.5=10 tons

• Identify the weight of 
each small part

1

2

2

1

CENTER OF GRAVITY
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CENTER OF GRAVITY

• M1 = 1x2x3x2.5=15 tons

• M= M1+M2= 25 Tons

• % M1= 15/25*100= 60%

• %M2=10/25*100= 40%

• Identify the weight of 

each small part and 

weight percent of each 

small part

2

3

1
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CENTER OF GRAVITY

1
2

0.5
2.061

6

1.236

9

R1

R2

R3
R3’

R3= 𝑅12 + 𝑅22 = 22 + 0.52 =2.0616

R3’= R3x %M2= 60%x 2.0616= 1.2369
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Sling Tension

F =
𝑳𝒐𝒂𝒅𝒊𝒏𝒈.𝑳

𝟐𝑯

• H: Height 

• L: Length

• F: Sling tension
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SLING TENSION-PROPORTIONAL SHARE OF THE LOAD
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SLING TENSION- DIFFERENT HORIZONTAL PLANES
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LIFT LUG

1. Moment uốn

2. Lực kéo
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PRECAST CONCRETE LIFT LUG
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MINIMUM BENDING REQUIRED

xd

Rebar size Norminal diameter (d) Min. bend diameter

#3 10mm 6d

#4 12mm 6d

#5 16mm 6d

#6 20mm 6d

#7 22mm 6d

#8 25mm 6d

#9 28mm 8d

#10 32mm 8d

#11 35mm 8d

#14 43mm 10d

#18 57mm 10d
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MINIMUM BENDING REQUIRED

http://rebar.ecn.purdue.edu/wwr/resDesign_codeStand.htm

• 7.2- Minimum bend diameters

• 7.2.1- Diameter of bend measured on the inside of the bar, other than 
for stirrups and ties in sizes No.3 through No.5, shall not be less than the 
values in Table7.2.

• 7.2.2 - Inside diameter of bend for stirrups and ties shall not be less than 
4db for No.5 bar and smaller. For bars larger than No.5, diameter of 
bend shall be in accordance with Table 7.2.

• 7.2.3 - Inside diameter of bend in welded wire fabric (plain or deformed) 
for stirrups and ties shall not be less than 4db for deformed wire larger 
than 06 and 2db for all other wires. Bends with inside diameter of less 
than 8db shall not be less than 4db from nearest welded intersection.

Presenter: Nguyen Si Khang



LIFT LUG
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LIFT LUG CAPACITY

b
c
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LIFT LUG CAPACITY
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Example

a=
2𝑐2

2

If c = 5mm => a = 3.53 (mm)

Total perimeter of welding is 

L= 100mm ; b=10mm

E= 2 x (L+b) = 2 X(100+10)= 220 (mm)

Area welding :

S1 = a X E = 3.53 X 220 = 776 (mm2)

Welding capacity is :

F1 = S X 30(Kg/mm2) = 776 X 30 = 23.280 Kgs

= 23 tons.

• Comparison: 

SWL > 0.85 F  approve for lifting .
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Crane Selection - Parameter Of Load

Crane capacity: 

QA=
𝐴.𝑊

𝐿𝑎

A: maximum radius working have to stability.

W: Weight of loading

LA: moment arm  is  distance from tipping point to Center of 

gravity of the counter weight.( Please refer catalog )
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Crane capacity: 

QA=
𝐴.𝑊

𝐿𝑎

A: maximum radius working have to estability.

W: Weight of loading

LA: moment arm  is  distance from tipping point to Center of 

gravity of the counter weight.( Please refer catalog )

Crane Selection - Parameter Of Load
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Operation- Rigging

CENTER OF GRAVITY
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Rigging – D/d Ratio
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Rigging – D/d Ratio
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Rigging- Shackle
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Rigging- Eye bolt
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Rigging- Eye Bolt
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Rigging- Turnbuckles
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Rigging- Knots



Rigging- Hook
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Rigging- Hook
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Rigging- Hook
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Rigging- Hook
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Rigging- Hook

It’s wrong hooked up method
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Rigging- Hook
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Rigging- Hook
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Rigging- Hook
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Rigging - Sling protection

Sling protection 
required for sharp edges
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Rigging- Hook
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Rigging- Hook
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Rigging- Hook
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Rigging- Hook
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Rigging- Hook
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Rigging- Hoist
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Rigging- Hoist
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Rigging- Hoist
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