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Hvad er alkalivirkni?

* Efnahvarf milli sements og fylliefna

Alkalivirkt fylliefni
* Naudsynlegir peettir:
— Alkalivirkt fylliefni
— Naegilegt alkalimagn
— Naegilegan raka

Naegilegt

Naegilegur
alkalimagn

raki

* Med pvi ad utiloka einn patt er haegt er ad
koma i veg fyrir skadlega alkalivirkni i steypu!



| Profunaraodferdir

|
* Hradvirkt murstrendingaprof (AMBT + MAMBT):

— ASTM C1260/C1567: Notad til ad kanna mogulega
alkalivirkni fylliefnis eda meta hversu mikid magn af
possolum parf til ad koma i veg fyrir skadleg ahrif i
steypu.

* Steypustrendingaprof (CPT):

— ASTM C1293: Notast vio stadlada steypublondu. Talid
areidanlegra til a0 meta alkalivirkni fylliefna.

Bestu upplysingarnar eru fra notkun i mannvirkjum




| Steypustrendingaprof
|

* Fylliefni eru notud eins og pau koma fyrir
* Stdolud steypublanda

* Strendingar eru geymdir i lokudum ilatum vid 38°C
— Vatn i botni ilatsins til ad tryggja 100% raka
— Strendingar eru ekki i beinni snertingu vid vatnio

* penslan er maeld reglulega i1 ar

* Mun areidanlegra en murstrendingaprofio



l Annmarkar steypustrendingaprofsins
|

* Ekki haegt ad meta ahrif [agalkalisteypublondu og par
af leidandi ekki haegt ad nota sem svokallad
“performance test”

e Adalastaedan: allt ad 22-45% af alkaliinnihaldi
steypunnar tapast a medan a profun stendur

» petta hefur verid leyst med pvi ad:
— Takmarka profid vid haalkalisement: (0.9 £ 0.1)% Na,O,,

— Haekka alkaliinnihaldid i 1.25% med pvi ad leysa upp NaOH
| blonduvatninu



Markmio verkefnisins

* Breyta nuverandi profunaradferdum pannig ad
haegt veeri ad meta ahrif lagalkali sements:

— Geymslulausnin i murstrendingaprofinu er of sterk til
a0 meta lagalkaliblondur

— Nuverandi aukning alkaliinnihalds steypubléndunnar i
steypustrendingaprofinu gerir profid onothaeft fyrir
lagalkaliblondur

* Markadurinn kallar a areidanlegar
profunaradferdir fyrir alkalivirkni par sem haegt er
a0 profa allar sementsblondur



| Meginvidofangsefni

|
 Alkaliinnihald porulausnar

* Hradvirka murstrendingaprofio (AMBT):

— Adlaga styrkleika geymslulausnarinnar ad
alkaliinnihaldi porulausnar strendinganna

— Skoda ahrif mismunandi alkalilausna 3
niourstoour: notkun KOH midad vio NaOH



| Meginviofangsefni — frh.

|
* Steypustrendingaprofio:

— Maela magn alkali sem tapast fra strendingunum a
medan a profun stendur

— Breyta alkaliaukningu steypublondunnar
— Meta ahrif sementa med mismunandi Na,0/K,0

— Minnka magn alkalilektar an pess ad hafa ahrif a
benslu strendinganna

* Losun alkali fra fylliefnum

* Tenging vid vedrunarstddvar eda mannvirki



bekkt alkalivirk fylliefni:

!Sudbury




bekkt alkalivirk fylliefni:

Spratt — 14 ar i Kingston, ON




Geymsluadstaedur




Alkalilekt fra steypustrendingum
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® High-alkali (Hol)

45
®m Medium-alkali (Con)

" Low-alkali (Alp)

Leaching (%)
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Arhif alkaliaukningar 4 alkaliinnihald
steypublondunnar
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“Control” syni: alkaiinnihald aukid i 5.25 kg/m3.
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Haalkalisement med possolum

} - Sudbury fylliefnid
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Alkaliaukning: 40% af alkalimagni sements
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v/s tala = 0.435




Lagalkalisement med possolum
‘ - Sudbury fylliefnid
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bensla steypustrendinga eftir 2 ar

— Ahrif mismunandi sementsblondu

Alkaliaukning: 40% af
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Fylliefni: Sudbury

benslumork 0.04%
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Alkalilekt

— ahrif keelingar (Ur 38°C i 23°C) fyrir meelingar
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Alkaliaukning: 40% af alkaliinnihaldi sements

v/s = 0.435

W St60lud meeling
Syni maelt vid 38°C

Sudbury
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Leidir til a0 minnka alkalilekt
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Alkaliaukning: 40% af
AlkaIIIIEkt eftir 2 ér alkaliinnihaldi sements

— ahrif breytinga 4 geymsluadstaedum  V/s=0435

Fylliefni: Sudbury
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PT: plastpokar notadir
Pensla steypustrendinga yfir hvern strending

- ahrif breytinganna v/s = 0.435

| Fylliefni: Spratt

0.25 —* LA cem + 40% boost

——|A cem + 20% boost A
0.20 —~ LA cem +20% boost PT _ k-, A
_ LA cem + no boost ,A”_—‘———
g\';0.15 LA cem + no boost PT — k" - .
L —Limits acc. to ASTM C 1293 Ahrif
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Alkalilekt

‘ - Ahrif breytinganna

Alkalilekt (%)
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—A—Spratt + LA cem No boost
—4& Spratt+ LA cem No boost PT
Spratt + LA cem + 20% boost

Spratt + LA cem + 20% boost PT /A/‘_\‘/

0 20 40 60 80 100

Timi (Vikur)
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Hvad meo losun alkali fra fylliefni?

* Sum fylliefni geta losad alkali fra sér pegar pau
eru notud i steinsteypu.

* Sumar bergerdir og steindir verda ostédugar i
nessu basiska umhverfi sem steinsteypa er.

* Profunaradferdir eru i proun til ad meta
nverus mikid alkali fylliefni geta losad.

 Liklegt ad petta gerist mjog haegt og pvi ekki
maelanlegt i steypustrendingaprofinu.



‘Alkall'fré fylliefni
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Vedrunarstdo fyrir alkalivirkni




Nidurstoour

* Um pad bil 20-50% af alkaliinnihaldi steypunnar
mun tapast a medan a profun stendur.

* Haegt er a0 meta ahrif lagalkalisementsblandna
begar alkaliaukninging er akvedin
prosentuaukning (til ad jafna Ut tapid).

* Breytingar a alkaliaukningu og geymsluadstaedum
| steypustrendingaprofinu, asamt breytingu a
geymslulausninni i murstrendingaprofinu getur
storbaett samanburd profanna.



Nidurstodur — frh.

* Ekki endilega besta lausnin a0 auka
synastaerdina. Adrar adferdir eru mogulega
ahrifameiri pegar kemur ad pvi ad minnka

alkalitap.
* Magn alkalilektar parf ad vera meelt reglulega

bar sem kristéllun og “carbonation” getur att
sér stad a medan a profinu stendur.



Framtidarverkefni

* Bera nidurstoour verkefnins saman vio
meelingar ur vedrunarstdo.

* Hvernig er haegt ad taka mismunandi
umhverfisadstaedur med i reikninginn pegar
notast er vid profunaradferdir?

* Stdolun profunaradferdar til ad meta magn
alkaiaukningar fra fylliefni, asamt tenginu vio
mannvirki og/eda vedrunarstodvar.
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CPT leaching at 2 years

— effect of sample size and geometry
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75 mm prism 100 mm 75 mm 100 mm 150 mm
prism cylinder cylinder cylinder
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Alkali boosting: 40% of
CPT expansion cement alkalis

— effect of sample size and geometry w/c=0.435

| .
0.20 Coarse agg.: Sudbury

~®-HA - 75 mm prisms

—#-HA - 100 mm prisms

9 013 ~o-HA - 75 mm cyl.

g 0.10 —*—HA - 100 mm cyl.
g -®- HA - 150 mm cyl.
g —=—LA - 75 mm prisms
25 0.05

—=—LA - 100 mm prisms
——LA-75 mm cyl.
——LA-100 mm cyl.

——LA - 150 mm cyl.

Age (weeks)
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| Hradvirkt murstrendingaprof

|
* Groft fylliefni er malad fyrir notkun

* Stodlud kornakurfa
* Stodlud murblanda

* Murstrendingarnir eru settir i 1M NaOH lausn 2 dégum
eftir ad peir eru steyptir og geymdir vid 80°C

* Reglulegar penslumaelingar eru gerdar i 14 daga

* Hradvirkt og stundum areidanlegt (fer eftir berggerd)
til a0 meta alkalivirkni fylliefnis eda magn possolana



Annmarkar murstrendingaprofsins

* Strendingarnir eru geymdir i mjog sterkri
alkalilausn sem veitir naegilegt alkalimagn til ad
drifa efnahvarfio

» Ahrif alkaliinnihalds sementsins koma pvi ekki
fram par sem alkalimagn lausnarinnar er svipad
og ef notad er sement med 1.4% Na,O,,



Alkaliinnihald sementsins hefur engin
ahrif a penslu murstrendinga
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Alp Con+Alp Con Cem4 Cem6 Hol Cem5
(0.57%) (0.7%) (0.89%) (0.92%) (0.96%) (1.01%) (1.05%)

® Sudbury ™ Spratt
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Hversu mikid af flugdosku eda slaggi

! barf til ad hefta pensluna?

0.4
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Expansion (%)
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Murstrendingar med Sudbury fylliefninu

v/s =0.47
Stodlud kornastaerdarkurfa

100% 25% 35% 50% 15% fly 25% fly 35% fly

PC slag slag slag ash ash ash

Stodlud murblanda
M Hol (1.01%) ™ Con (0.89%) ™ Alp (0.57%)

o
o
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Alkaliinnihald porulausnarinnar vs.
( alkaliinnihald sementsins

| i - =

3
i Y = 0.017 + 0.699 X
i ) % O0B8F R-o0977 o
Two equations have been derived: e -
(both are .same at w/c =0.5) = .
O
Z @ Ref. 4
8 04k * [J Ref. 5
— * % f ® A Ref. 6
— — /\ Ref. 7
\_OH J_ 007 Naz Oeq EI: 02L O Ref. 8
5 O Ref. 9
V Ref. 10
0.0 4 L . d b
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
(Naz Oeq ) CEMENT ALKALI CONTENT (EQUIV. % Na50)

+0.022+0.06 moles/L

o1~ =0339

w/c

* These do not take into account SCM replacements
*Egn. 1 & 2 from R. Helmuth 1993 (SHRP C-342)

Graph from [Diamond and Penko,1992 (ACI SP-131)]



Lower storage solution concentration:

! 1.0xNa,O,, of cement used

0.4 Mortar bars with Sudbury aggregate

o
w

14-day expansion (%)
o o
= N

w/c=0.47

Standard aggregate gradation
Standard mortar mix design
100% PC 25% slag 15% fly ash

® Hol (1.01%) ™ Con (0.89%) M Con+Alp (0.7%) M Alp (0.57%)

=
o
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Lower storage solution concentration:

4=

! 0.7xNa,0,, of cement used

Mortar bars with Sudbury aggregate
w/c=0.47

Standard aggregate gradation
Standard mortar mix design
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14-day Expansion (%)
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100% PC 25% slag 15% fly ash
® Hol (1.01%) ™ Con (0.89%) M Con+Alp (0.7%) ™ Alp (0.57%)
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AMBT vs. CPT

‘ - effect of lower storage solution concentration

0.5 Control (1M NaOH)
% ¢ 1x Na20eq
S 0.4
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Agreement between expansion in CPT and

different modifications of AMBT storage

solution
CPT AMBT 1x solution 0.7x solution
(2 years) (14 days) (14 days) (14 days)

100% PC
(high-alkali) 0.09 0.35 0.22
25% slag
(w/high-alkali) 0.02 0.17 0.10 0.05
15% fly ash
(w/high-alkali) 0.03 0.09 0.09 0.04

(o)
1006. PC . o 027 025 o1
(medium-alkali)

(0)
100% PC . N 027 011 003
(low-alkali)

Good agreement between CPT and AMBT stored in 0.7 x cement alkali solution



