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Portland-Limestone Cement

* Whatis a PLC?

* What are the spec requirements?
 What are the benefits?

* How does it work?

e Why?
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ASTM and AASHTO

IN TERHATIOHAL
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2012 Editions
AASHTO M240 & ASTM C595

 Same physical requirements as pre-existing
C595/M240 cement types

* Chemical requirements — sulfate content, LOI
* Sulfate resistance — no MS or HS designation, initially
* Limestone requirements— CaCO;, MBI, TOC
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Chemical Requirements for Blended Cements

IT(L<S<70)
MgO, max, % - - 6.0
SO;, max, % 3.0 4.0 4.0 3.0
S%, max, % 2.0 2.0
Insol. res. max, %° 1.0 1.0
LOI, max, % 3.0° 4.0° 5.0° 10.0

C Insol res max does not apply to ternary blended cements.
D For ternary blended cements with limestone LOI max = 10%.
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Requirements for Limestone

CaCO, content C114/T105 Min. 70%
Methylene blue index See Annex A2 Max. 1.2 g/100g

Total organic carbon See Annex A3 Max. 0.5%
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Limestone Testing

AZ AMETHYLENE BLUE INDEX TEST FOR LIMESTONE

ALl Scope

A2 1.1 This annex describes the leborstory procsdurss for the quantitative detzrmmation of methylans blus dve zdsorption
index of limestone for use 25 an mgredient i blended cement, _ _

A2.1.2 The text of this snmex refersnces notes and foomotes which provide I.-k3 TOTAL ORGANIC CARBON CONTENT OF LIMESTONE
(e':-;:ludmg these m tables and figurss) shall not be considersd zs requirsments o

A213 Units—The values stated m S units zre to be regarded as standard. |

this snnex. AllS
; A3l Scope
A2 1.4 Thiz amnex does not purport o address all of the oty concer P
ra:psﬂ:ere.er g the user of this standard 1o establish apprrprmne sefety amd ha A3 1.1Thiz ammex specifies the lzboratory procedurss for the quantitztive determination of the totzl organic carbon content
regulatory Trmizations prior o use, of limestone for use 23 an megredisnt i blended coment.

A312 The t=xt of this snnex refzrences netes and foomotes which provids explanztory materizl Thess notss =nd foomotss

A2 Summary of test (emcluding thoss i tzbles and figurss) shall not be considersd s requirsments of the mnex.
; . - . S A3 13 Unic—Theg values stzted i 5T units are to be regarded 2s standard. No other units of mezsursment zre ncluded
I The szmple is reduced to 2 fme powder prior to testng. Increme .7 0
wely to 2 suspension of the pr=p_r=;i t=st p"rti.,ni.u“ at=r. The zdsorptio Taz AR _ e . R il T
ddition of solution by carryimg out 2 stam test on flter paper to dete A3 LA Thiz annsx dess not purport o address all of the sqfly concerns, i oy, associated with it we It & the

responsibility of the user of thic standard 1o establzh appropriate safety and health practices and determing the applicability of

onfimed, the m*thr.l-"n-'- Plus mdex valus (MED iz caloulated and Y R .
repulatory limitations prior io use.

A3 Significance and Use A3 Summary ef test

A3.2.1 Tetal organic carbon is determined sither on 2 sampls from which the merganic carbon has besn removed through

A23.1 This snmex provides = mesns to determine the smount of methylene 1 oo . i - . -
L hvdrochloric 2eid extrzction or by diffsrence of merganic carbon from totzl carben.

limestone. histhvlens blus dve is preferentislly adsorbed by clav minerals that m

zdsotbed s relatzd to the cl:x type mnd contznt. Certzim clzvs mav merszss 4 . .

cements if present in sufficient quentity i the limestons when used = mgradien A3.3 Significance and Use

the methylene blus index of limestone permitted 25 an mgredient m blended ceme A33.1 This mmnex provides = mems to detzrmine the totzl orgenic carbon content of 2 s_ml.l 'm-'-h Er..u.u:i limestons.
The organic czrbon comtsnt of z limestons ussd zz =n mgradisnt m csment may nc
r=qu1.r=::1 to zchisve g spepific sit cont=nt m concrstz. The speacificstion plzces z limit on

Al4Apparatus limestons permitted 25 zn mgradisnt m blended cement.

[

A2.4.1 The squipment znd matsrizls, mcudmg the temperzturs and humidity ©
shzll mest the requirements of C311, unless otherwise specified. Add Apparatus

W

#2432 The fellowmg squipment shall FEPSIUﬂfd_tf perform this test: A3.3.1 The squipment shall meet the requirsments of Specification C 511, unless otherwise specified.
(2 bursttz, with czpacity of sither 100 mL or 30 mL =nd gradustion of sithet A3.32 The following =qu1pm=nt shall be mcludad to perform this tast:

micro-prpetts; : (2) znalvtical belancs, precision = 0.1 mg;

() ¥ peumm, J==L: 1000

{d) glzss frit, 20 mm dizmeter, mmd porosity = G4;
(=) magustic stivrer;

(D magnstis stir bar;

gg]g};g;!_. 51:19110 m:—jnt@ ztamperaturs of 43°C =

()]

:C;
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Summary of Provisions

 PLC: Type IL and Type IT with 5% to 15%
limestone

* Same physical requirements

* Similar chemical requirements

* No provisions for sulfate resistance
* Min CaCO, content, MBI and TOC
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Environmental Benefits
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Environmental Benefits
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Environmental Benefits
10% 15%
Energy Reduction®
Fuel (million BTU) 443,000 664,000
Electricity (kWh) 6,970,000 10,440,000
Emissions Reduction”
SO, (Ib) 581,000 870,000
NO (Ib) 580,000 870,000
CO (Ib) 104,000 155,000
CO, (ton) 189,000 283,000
Total hydrocarbon, THC (Ib) 14,300 21,400

* Per million tons cement
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Environmental Benefits

 Cement accounts for approximately
— 95 % of concrete CO, emissions

— 85 % of concrete energy consumed

 PLC is an option to implement proven
technology to obtain desired performance and
improve sustainability of concrete

Marceau et al. 2007
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How Limestone Works

* Particle packing
— Improved particle size distribution

* Nucleation
— Surfaces for precipitation

e Chemical reactions

— Only a small amount, but...
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Why 15%?
15

ks
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=

compressive strength [%]
tn

relative change of porosity and
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amount of CaCO5; added [wt.-%] Matschei et al. 2007
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Brief History of PLC

1965 German standards include PLC (20%) specialty
applications

e 1979 French standards include PLC

e 1990 PLC with 15+5% limestone routinely used in
Germany

e 1992 UK standards reference PLC (20%)

e 2000 EN 197-1 creates CEM II/A-L (6-20%) and CEM II/B-L
(21-35%)

e 2008 CSA A3001 defines PLC containing 5%-15%
limestone

* 2012 ASTM C595 and AASHTO M240 include PLC
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Summary

 PLCis a new (to US) cement type
* 5% to 15% limestone

e Performance similar

e Environmental benefits

16
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Additional Information

PCA- PCA.

Research & Development Information - Research & Development Information

PCA RE&D Serial No. SN3148 PCA R&D SM3142
State-of-the-Art Report on The Durability of Concrete Produced with

Use of Limestone in Cements at Portland-Limestone Cement:
Levels of up to 15% Canadian Studies

) by Michael D_A. Thomas and R. Doug Hooton
by P. D. Tennis, M. D. A. Thomas, and W. J. Weiss
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