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Introduction to LTB
• Out-of-plane movement & 

twist under in-plane 
loading

• Due to low out-of-plane 
stiffness & long buckling 
length

• Buckling length = physical 
length between effective 
lateral restraints

• Worse for deeper/narrower 
beams



Basics of LTB 
(Eurocode 3)



Effectiveness of possible lateral 
restraints in offshore structure

• Grating: not effective due to low strength and 
disintegration in fire

• Steel stringers: some (e.g. every two or three) could 
be engineered not to fail in fire so as to provide 
effective lateral restraint, but needs to demonstrate 
effectiveness of such.

• Pipes: deserves further exploration either on its own 
as effective restraint or as part of restraint system 
including steel stringers



Requirements for 
effective lateral restraint



Bracing requirements



Illustrative examples to 
demonstrate the benefits of lateral 
restraints in fire, if restraint effects 

are not included in cold design



If lateral restraints are provided 
by stringers …



Ratio of LTB/plastic 
resistances



Effects of lateral 
restraints: example results

• 12m span, S355 steel
• min iz~30mm
• Typically, iz~45mm for beam depth/span ratio of 

1/20, i.e. >500mm
• LTB resistance with effective restraints ~10 times 

without restraints, though LTB still governs



Critical temperatures 
(assuming maximum 

uniform heating)

- If lateral restraints exist, and can be demonstrated to be effective, but the beneficial
effects of lateral restraints have not been considered in cold design, then including the
effects in fire design can greatly increase the critical temperature of steel, by >200C.
- With reduced risk of LTB, bending resistance of the bottom T becomes very
important.



Can friction underneath pipes 
be effective restraints?



Calculations of friction: 
basis & results• One set of pipes

M=(PD+PI).L/4
Nf=M/H=(PD+PI)/4.L/H
Fri=PI.(fric.coef)
Fri/Nf=PI/(PD+PI).4.coef.H
/L=2.(fric.coef.)*H/L= 0.02
(fric.coef=0.2, H/L=1/20, 
PD=PI)
• Two sets of pipes
Replace 4 above by 3 for 
each set of pipes, to give 
0.015



Effective lateral restraints

• Grating: unlikely to be useful – too weak in 
fire

• Stringers: effective if not fail in fire
• Pipes: likely effective if fully loaded



Examples - possible way 
forward



Basics



Say, 533x210x101UKB



If full LT restraints in cold and in 
fire:



Summary
Case 1: If full restraint in 
cold & in fire
• 3 side resistance = 0.5-

0.7 resistance of 4 side,
Or
• 4 side resistance = 1.5-2 

times resistance of 3 side

Case 2: If full restraint in 
cold, not LTB in fire
• Say LTB resistance = 0.7 

full bending resistance
• 3 side resistance = 0.35-

0.5 resistance of 4 side,
Or
• 4 side resistance = 2-3 

times resistance of 3 side

Maximum load ratio for 3-side = maximum load ratio for 4-side * (1.5-2 for case 1 or 2-3 
for case 2)



Range of decrease in 
limiting temperature



Summary of way forward

• Maximum resistance of 3 side = 0.5-0.7 
(0.35-0.5) resistance of 4 side. So 
maximum applied load of 3 side = above 
factors * maximum applied load of 4 side.

• Design fire protection for 100~200 degrees 
lower limiting temperature than 4 side 
protection

• Ensure effective lateral restraints



Main conclusions
• With out lateral restraints, LTB governs in failure, due to long 

span.
• If cold design to LTB resistance without taking advantage of 

lateral restraints, but fire design assumes effective restraints, 
critical temperature >200C higher than default Tcr.

• Possible engineering solutions
- Determine the stringers requiring protection to restrain the 

beam.
- Explore the effects of friction underneath pipes.
- Decrease applied load + increased fire protection
• Non-uniform heating in 3-sided protection beneficial, but not 

considered – important under bending failure.



Important  message

• If cold design assumes bending resistance (no LTB), the 
effectiveness of lateral restraints must be demonstrated. Otherwise, 
there is great risk of inadequate structural resistance. Localised 
heating may be of beneficial, but requires further research.

• There is a possible forward, but further work is needed, e,g,
- calculation of LTB resistance for 3-sided protection
- demonstration of effectiveness of lateral restraints, especially pipe 
friction
- design optimisation (number of fully functional stringers)
- effects of localised fire exposure
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