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The	Exploration	of	Structural	Lightweight	Aggregates	

Over	 the	 course	 of	many	 centuries	 and	 civilizations,	 the	 compositions	 and	

properties	of	concrete	have	been	altered,	studied,	and	experimented	with,	which	has	

lead	to	a	gradual	improvement	in	the	structural	integrity	and	economical	aspect	of	

concrete‐based	 structures	 around	 the	 world.	 Structural	 lightweight	 aggregate	

concrete	was	 introduced	over	2000	years	 ago	 and	 is	 a	major	 component	 of	many	

notable	 structures	 including	 the	 Pantheon	 Dome	 and	 Coliseum	 from	 the	 early	

Roman	Empire,	 the	42‐story	Prudential	 Life	Building	 in	Chicago,	 and	 the	18‐story	

Statler	Hilton	Hotel	in	Dallas,	Texas.	Other	buildings,	bridges,	and	marine	structures	

composed	 of	 this	 unique	 type	 of	 concrete	 are	 scattered	 across	 the	 world	 and	 its	

presence	 in	 the	modern	building	code	 is	gradually	 increasing	because	of	 its	broad	

range	of	structural	and	economical	advantages.1	 	 	 	 	 	

	 Due	to	experimental	explorations	throughout	the	Roman	Empire,	World	War	

1,	and	present	times,	the	recognized	potential	of	lightweight	aggregate	concrete	has	

grown	 tremendously	 along	 with	 its	 array	 of	 unique	 applications.	 The	 key	

components	 behind	 this	 mix	 of	 concrete’s	 attractive	 characteristics	 include	

expanded	 shale,	 clay,	 and	 slate	 lightweight	 aggregates.	 These	 aggregates	 are	 not	

generally	 found	 naturally	 unless	 they	 are	 extracted	 from	 volcanic	 remains	

composed	of	pumice	and	scoria;	although,	they	can	be	produced	through	the	rotary	

kiln	or	sintering	process.	Once	these	components	retain	an	appropriate	amount	of	



expansion,	samples	of	structural	 lightweight	concrete	can	be	produced	with	a	unit	

weight	 ranging	 from	 85	 to	 115	 pounds	 per	 cubic	 foot.	 When	 compared	 to	

normalweight	concrete	with	a	composition	of	sand,	gravel,	and	crushed	stone,	which	

has	a	unit	weight	of	135	to	155	pounds	per	cubic	foot,	the	lightweight	mix	has	been	

found	to	 involve	a	significant	dead	 load	reduction	that	 introduces	a	majority	of	 its	

major	construction‐related	advantages.1,2	 	 	 	 	 	

	 The	 aggregates	 used	 in	 lightweight	 concrete	 also	 have	 a	 unique	 structure	

resulting	 from	 their	 expanded	 pore	 system,	 which	 introduces	 a	 higher	 quality	

cementitious	 matrix	 (Figure	 1)	 as	 well	 as	 the	 capability	 of	 providing	 complete	

cement	 hydration	 and	 actually	 causes	 cracks	 to	 run	 through	 the	 aggregate.	 As	 a	

result	of	this	stronger	aggregate/matrix	relationship	as	well	as	a	presence	of	limited	

cracking	and	resistance	to	freezing	and	thawing	(develops	from	increased	entrained	

air	 content),	 lightweight	 concrete	 is	 able	 to	 display	 durability	 similar	 to	

normalweight	concrete,	making	its	use	reliable	if	not	recommendable.	1,2	 	

Figure	1:	Photograph	of	aggregate/matrix	contact	zone	1	
	



A	 combination	 of	 these	 advantages	 and	 unique	 characteristics	 lead	 to	

numerous	opportunities	for	lightweight	concrete	in	the	Structural	Engineering	field,	

which	 can	 be	 utilized	 to	 reduce	 overall	 project	 costs	 and	 physical	 hurdles.	 By	

introducing	 a	 concrete	 that	 has	 up	 to	 25%	 less	 mass	 than	 a	 traditional	 mix,	 it	

becomes	possible	 to	construct	 fewer	supporting	members	or	superstructures	with	

smaller	cross	sectional	dimensions	and	larger	spans.	This	can	all	be	done	while	still	

incorporating	a	structural	performance	similar	 to	normalweight	concrete	and	also	

introduces	several	cost	effective	incentives.1,3	 	 	 	 	

	 One	of	the	leading	economical	aspects	of	lightweight	concrete	is	its	reduced	

amount	 of	 accompanying	 transportation	 costs	 (Figure	 2).	 It	 is	 not	 uncommon	 to	

have	 materials	 or	 pre‐casted	 structural	 members	 (girders,	 beams,	 piers)	 shipped	

regionally	because	of	a	limited	amount	of	specific	formwork	or	available	aggregates;	

however,	 with	 fewer	 required	 structural	 elements	 and	 the	 capability	 of	 carrying	

more	 elements	 per	 truck,	 there	 would	 be	 a	 reduction	 in	 the	 amount	 of	 shipping	

loads.	 The	 actual	 costs	 associated	 with	 physically	 constructing	 and	 placing	 each	

structural	member	with	an	assortment	of	cranes	and	other	equipment	would	also	be	

reduced	because	of	the	lighter	members,	making	the	implementation	of	lightweight	

aggregates	quite	appealing.1	 	



	
Figure	2:	Cost	analysis	of	the	concrete	shipping	process	1	

	

Projects	 and	 research	 programs	 are	 continually	 being	 completed	 on	

structural	 lightweight	 concrete	 and	 within	 the	 near	 future,	 an	 improved	

understanding	of	its	properties	and	design	capabilities	could	be	implemented	in	the	

ASSHTO	 specifications4.	 Once	 this	 is	 accomplished,	 contractors	 and	 engineering	

firms	should	be	more	inclined	to	utilize	the	advantages	associated	with	lightweight	

aggregates.	With	its	gradual	expansion	of	use,	the	amount	of	structures	composed	of	

lightweight	 concrete	 will	 continue	 to	 increase	 and	 as	 it	 begins	 to	 become	 more	

reliable,	so	will	our	future	infrastructure.		

	

	

	

  Project Example 
No. 1 

Project Example 
No. 2 

Shipping cost per truck load  $1100  $1339 

     

Number of Loads Required 

Normalweight  431  87 

Lightweight  287  66 

Reduction in truck loads:  144  21 

     

Transportation Savings 

Shipping cost per load  $1100  $1339 

Reduction in truck loads  × 144  × 21 

Transportation savings:  $158,400  $28,119 

     

Profit Impact 

Transportation savings  $158,400  $28,119 

Less: premium cost of 
lightweight concrete 

17,245  3,799 

Transportation cost savings by 
using lightweight concrete 

$141,155  $24,320 
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