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What	is	LITS?
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strain



Adapted	from	G.A.	Khoury,	
B.N.	Grainger,	P.J.E.	Sullivan
Strain	of	concrete	during	
first	cooling	from	600 °C	
under	load
Mag	Concr Res,	38	1986



LITS:	Some	details

• Does	not	recover	on	cooling	or	unloading	
• Develops	during	the	first	heating	only
• Extensive	1-d	experiments
• Limited	2	and	3-d	work
• Numerical	models	also	limited
• Is	a	bit	of	a	rabbit	hole!
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LITS:	New	Stuff
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• Developed	a	3-d	numerical	models			
• Applied	to	bulk	heated	concrete
• Serendipitously	discovered	to	matter	for	punching	shear
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CLASSIC	APPROACH

NEW	APPROACH

1. Captures	effect	of	confinement	(𝜼)
2. Develops	only	in	compression	(𝝈𝒌𝒌1 )
3. Develops	just	during	the	first	heating	under	compressive	load	– does	not	recover	on	

cooling	or	unloading	(TMAX)
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Where:
• 𝜂	 confinement	coefficient	– captures	the	LITS	dependency	on	triaxiality	of	the	stress	state

𝐶>=-
?@AB?CAB?DA

?@A CB ?CA CB ?DA
C�

𝛾 Triaxiality	scaling	factor	(recommended	𝛾=	1.5)

Triaxiality index
𝜂 = 1 + 𝐶> − 1 𝛾

Note:
↑ 𝐶> ↑ 𝜂
↑ 𝛾		 ↑ 𝜂
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General	strain	decomposition

ELASTIC	STRAIN 3D	LITS NON-LINEAR	FREE
THERMAL	STRAIN
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Transient tests	by	Kordina	et	al.	 (also	Petovski	et	al)
• Biaxial	compression

Results	obtained	by	the	
“Classic	Method”	
(γ=0)

Results	obtained	by	the	
“Confinement-
dependent	Method”	
(γ=2.63)

Validation	Study



Application:	AGR	Concrete	Containment	Vessel
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Evolution of the tension in cable n.8
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LOSS	IN	PRETENSION

16.80%

Loss	of	prestress	in	Pressure	Vessel

HEATING COOLING
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Introduction
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Experimental tests 
Smith	et	al.	and	Liao	et	al.	

What was expected What actually happened
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