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Hapaperpor Yo tn XvvOeon Hopadocroxk®mv
Emokevaotikov Koviapatov

MAPIA XTE®ANIAOY
Aéxtopag, Tpunpa Holtikdv Mnyavikov AIIO
Epyaotiplo Aopkdv Y Amv

Hepitnyn

O oyediaouos koi 1 oOVOeon ETIOKEDAOTIKOV KOVIGUGTW®Y, TOD
XPHOIULOTOI0DVTIOL O€ EPYATIES ETEUPACNS OE UVHIELQ KO 10TOPIKG,
Ktipio, eivar pio mepimloky oOadikacio, oL amoitel E10iKeVON.
To. televtaio eikool WEPITOL yYpOVIO. EPEVVHTIKG KEVIPO. EYODV
epopuooer g peBodoloyics mov ovémrvlov kor Eyxer amoxtnOel
gumeipio. wavw oto Géuo ToL CYESIOTUOD KOL THG EPOPUOVHS
TOPOOOCIOKDV ETCKEVOTTIKDOYV KOVIaUatwv. Méow ovtig e
01001KQ0TIaG, 0 UEPIKES TEPITTWOEIS EYOVV  TPOKANOel  1.60n
He omotéleouo. T Oafpwon ovbeviik@y JopKk®v vMK®V ue
emTayvVoueVovs pobuodg. To KovidpoTo eTIOKEVHS UVHLEIWY Kol
10TOPIKQYV KTIPIWV g1vor auviOwms fooiouéva o moapadociord vAikd,
0. 0mol0. YOPOoKTNPILOVTOL WS YOUNADY OVVOTOTHTWV (aAVTOYHG,
OVOEKTIKOTNTAG), 1] TEYVOAOYIQ TOPOCKEVHS TOVS EIVOL JLOYOPETIKN
o€ ayéan pe ta oOYYpova OOUIKG. VAIKG, Eve N a0VvOeoh Tovg amoutel
TPOCOYN KOTC, T OLOPKEIL OAMV TV OTOOIWV TOPOYOYNS Kol
epoppoyns tovg. 1o mopov éplpo emiyeipel p’ Evov emomTiKo TpPOTO,
HET® FLoypopUaTOV, vo. ooVovaoel Pooikés 101otntes (tn Bty
ovToyr, TV DOATOOTOPPOPHTIKOTHTO, KOl THY EPYACIUOTHTO) TV
EMOKEVOTTIKOV KOVIGUATWY TOV fociloviol o€ Topadooioxd. bAIKG,
Omw¢ 1 VOpaoPeatog Kot N PLOIKY TOLOAGV KO VO. GOVOPOUEL OTH
oOVlean VEV KOVIOUGTWY UE TPO-ETIAEYUEVES 1010THTEG.

1. EIXATQT'H

H mopaymyr emokevaotikov koviopdtov eivor pio
obvbetn epyocio kotd TV omoio. AapuPdvovrar vwoOyM
SLPOPOL TOPAUETPOL OTIMG 1) PVOT| TOL TOAULOV, AVOEVTIKOD
VAKOV, T0 TEPIPAALOV PéGa aTo omoio Ppioketal To pvnpeio
N 1O KTip1lo, 1 popen kat o pvOudS ddfpwon TV VELOTA
HEV®V VAKGV, kaBdg Kot aetnTtikd kprtypo [1] [2] [3].

H dvokoAia Tumomoinong tng Stadikaoiog TapacKeELNg
TAPASOCIUKAY KOVIOUATOV EEKIVEL amd TO Yeyovog OTL Ot
TPOTEG VAEG TOL YPNGLLOTOOVVTOL VIO THV TOPACKELT|
aUTOV TOV KOVIOHATOV Jdev  eivor eheypéveg. YA
dwhéoya oty ayopd o6mwg vopdoPectoc, moloAdveg Kot
GOl (PNOULOTOOVVTAL GUVIHOMG YWOPIS TLGTOTOUTIKG
KOTOAANAOTNTOG, KaBMG dev €yovv Beomiotel KpiTiplo TOL
Ba e€acearilovv T otabepn moLOTNTA TOVG, OTMG Yo AP
OelypLoL 1 EVOESELYUEVT] TTEPLEKTIKOTNTA TNG VOPAGPESTOL GE
Yropinbnxe: 18.9.2007  Eywve dexrij: 25.8.2008

Ca(OH), Zyetucol xovoviopol avapépovial 6Tov Tpomo pe

ToV omoio mpémel va. de&dyovtal ot epyactnplokoi EAeyyot

(EN 998, EN 1015) aAAd 1 ¢rhoco@io Kol TO. KPLTHPLO L

T omoia oyedialovral Kol TapuoKELALOVTOL TO KOVIALOTO

e&aroAovBel va eivor pa gumepkn dadikacio. Katd

obVOeoT KOVIAUAT®OV GE PVNUELD KOl 1GTOPIKG KTipla yio

YIMAOESG YPOVIL OTOTEAETE KOV TPOKTIKT 1] YP1|O1 TOTIKOV

VAMK®V mov Ppiokoviol 610 mepAriov Tov  pvnueiov

(mAog, adpavn) [4] [5].

Yruepa, n aglomoinon Tétoumv VAKGV UTopel vo Yivel,
agov mpoTa, dlefayfobv ol KUTAAANAOL €pyooTnploKol
éleyyol OmMMOG Yo TOPASEYHO EAEYXOC TEPLEKTIKOTNTOG
OPYOVIKOV VAMKQOV, TOGOCTOD TOTAANG, VOATOSHAVTOV
oAdtov, Kokkopetpia, Ogiktn mololavikOTnTag OTNV
nepintoon mAov 1 mololavdv. Emiong, m teyvoloyia
TOPACKEVTG EMICKEVACTIKOV TOPASOCIUKAY KOVIOUATOV
glvar  SlPopeTIK] amd OLTH TOV  GOYYPOVOV  VAIKOV
He amoTEAECUA VO UMV LTAPYEL EEEIOIKEVIEVO TEXVIKO
TPOGMTIKO TOV VoL YVOPILEL TIG IOIOTNTEG KOL T GUUTEPLPOPA
TOV VAMK®V 0oUTtdv, 7ov yopoktnpilovior o¢ youning
aVTOYNG Kl AVOEKTIKOTNTOG GUYKPIVOLEVE, LLE TO. GVYYPOVO,
doLuKE VAIKGL.

lNo 1w ovvbeon Kot TOpoy®Yn TOPASOCLOKDV
KOVILUAT®V vdpyovv Tpia dokpird otddia [6] [7] [8]:

1. Katavomon ¢ @bong tov pvnueiov kot avtd
onupaivel yvoon g otopiag TOL, EUTEPICTAUTMUEVN
delyHoTOAYio. KOl avOALGT TOV TOAUIDOV SOUIKMV
VAMK®V OOTE VO TPOGOIOPIGTOVY Ol PUOIKEG, UNYOVIKEG,
ANIKEG, HKPOSOUIKES KoL Ol OPVKTOAOYIKEG 1O1OTNTEG
TOLC.

2. Zyedloopds Tov VEOU KOVIAUATOG BACEL TMV AVOADGEDY
TOV TOAIOV VMK®V Kot Tov TepPdAlovtog Tov
pvnueiov.  IMapdyovteg Omwg o1 Beppokpactokég
ouvinkeg, n VYpPaAGio, N TOPOLGIH VITOYEIOV VOPOPOPOV
opifovta, mn omdotoon omd T OdAacco, M TOYLTNTO
TOL OVEHOL AApPAVOVTOL LTOWYT] Yol TOV GYESIAGUO TNG
OTOLTOVUEVIC AVOEKTIKOTNTOG TOL VEOL KOVIALATOG.

3. H mopayoyn kot 1 €popuoyn Tov VEOL KOVIAUATOG.
KaBhg to kovidpoato amoteAovy Toug Qopeic HESH TV
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0mOoi®V TO VEPO Kol 01 SLOPPOTIKOL TAPAYOVTEG TOL UITOPEL

Vo TEPEYEL, ELGEPYOVTUL GTO EGMTEPIKO TNG KATUCKEVT|S,

0VTO TO TPITO OTASIO ATOTEAEL ONUAVTIKT TOPALETPO Y10l

TNV emrvyn Aettovpyio Tov Kovidpotog. Eivat yvawotod ot

EVaKOAGoYEOLOOLEVOKOVIOLLOL, EAVOEVEPUPLOCTEICWOOTA,

B0 TpoKoAEoEl TPOPANLATO GTNV KOTAGKELT.

H avdivon peydiov aptfpod Toloid@v KOVIOUIT®OV GTO
mAaiclo gpguvnTiK®V Tpoypoupdtev ond to Epyoctipilo
Aopikdv Yakav tov ATIO £dgi&e 6T1 avtd Pacilovtal oty
GoPeoto evd 6mov 1 BEon GTNV KATOOKELT] TO OTALTOVGE
(emapn pe vypacio 1 oKnoN LEYAA®OY POPTI®V) GTN CVUGTACT
TOV KoViopdtov mpootifoviav vlkd pe moloAavikég
WwTEG pe okomd TN peiwon NG SlmepatoOTnTOG
Kot TNV odénomn ¢ avtoyng o€ oy€on HE TO OpIYN
acPeotokovidpato [9]. Ta eToKELOCTIKA KOVIAUOTO Yl
Vo KEGADWOLV TNV avAayKT TG GLUPATOTNTAG LE TO TOANLA,
pe ta omoia Ba épBovv oe eMAPN KOl TO. OTOI0 KOAOVVTOL
va mpoototéyovy, Pacilovtal, emiong, ot Swbéoipeg
oV oyopd TPdTEG VAES OTMG VIPAGPESTO KAl PLOIKEG
nololdveg. H ovyypovn avaykn yuo ypriyopovg pudpovg
KOTOOKELNG OULUPAAEl cuyxvd ot avaykn mpocbeong
€101K00 TOHTOV TOIHEVTOL (AEVKOV), TO 0TTOi0 dEV OAAOLDVEL
TO YPAOLA TOV TEALKOV TPOTOVTOG, OEV TEPIEYEL VOATOSIOAVTA
dAoTo VO 1 TPOGONKT TOV OE HKPO TOCOGTO QAiveTOL OTL
dev aAloldvel Tig emBopuntég 1010t Teg TOV Koviapdtwov| 10].
Y10 Topdv GpBPo KOTAYpAPOVTOL TO ATOTEAEGHOTO OO TNV
gpyacTnploKny ochvheomn GePAg KOVIaPAT®V, Tov Bacilovtal
oe dwbéoiueg oty ayopd “mopudoclokés” TPMOTEG VAES
TV omoiv ot 1010tNTeg €xovv eheyyBel Kot emyeipeiton
1N oVvdeon PACIKAOV WOOTATOV TOV KOVIOUAT®OV LE OKOTO
Vv amlomoinon g ovvleong TV EMOKEVUCTIKOV
Koviapdtov, mov Bocifovtal og avTd To VAKAL.

2. IEIPAMATIKO MEPOX

[MopaokevdonKoy €pYOoTNPLOKGE TPEG OLUPOPETIKEG
Katnyopieg  koviopdtov  PAcEl  TOV  KOVIDV OV
ypnoonomdniayv. Apwyn acfectokoviapate (L), pewtd
GLGTNHLOTO KOVIOV LE GUVOLUCUO 0oBEoToV Kot ToloAdvrg
(P) xabBdg kot cvvdvoopds ooPéotov, moloAdvng Kot
Agvkov toéviov (C). Or 1810TTEG TOV KOVIDOV 7OV
¥pNoomomdnkay @aivovtatl 6Tovg mivakeg 1, 2 ka3,

Q¢ adpavi ypnowomombnke  mpoTLA QUG
(AFNOR) og avoloyio kovioa/adpavn 1:3 kotd Bapoc. H
¥pNon mTPOTLTNG Gppov TEpopilel TIC TAPAPETPOVG TOV
emnpedlovv TV TOLOTNTO TOV KOVIOUAT®OV EVO 1 ovaioyio
Kkoviag/ adpavn Tov ypnotponofnke ival cuvnBiouévn oe
ool Kovidpato dopnons. H epyaciyuotnto eléyybnke pe
tpamela e&hdmhmong Paoetl Tov kavovicpod EN1015-3. And
KG0e €id0g KOVIAIOTOG TOPACKEVAGTIKAY 6 KOVIGLOTO L
Té00eplg  dlapopeTikég TYEG epyaouotnrag, 11+0.5cm,
12+0.5cm, 15+0.5cm koul6+0.56H. Ot avaroyieg t@v
KOVIOUATOV @aivovtal otov mivako 4.

I[Tivaxog 1. Xapaxtnpiotika kovioy
Tablel. Properties of the binders used

IMeprexticot |Ewdwod | Agiktng
to Ca(OH), B pog  |moloravikd
gr/ml  |mrag
AcPeotog  |75% 1.99 -
Tlolohdvn |- 2.22 4.9MPa
AgvKo - 291 -
TOUEVTO

ivaxag 2. Xyuixn odotaon koviov
Table2. Physical characteristics of binders

O&eidwa (% «. B.)
Na,O KO [CaO MgO FeOJALO, [SiO,
[AcBectog [0.17 [0.08 649 2.83 0.03 [2.33 0.26
[Tololdvn [2.29 [3.08 [1.76  0.40 0.50 |15.7 67.5
Aolotd dhato
(% «.B.)
Cl NO, SO~
AcBeotog  10.020 0.040 0.100
IToloAdvn  10.070  0.000  0.030
[ivaxag3. Koxxopetpio kovicrv (Malvern Scirocco2000)
Table3. Gradation of the binders (Malvern Scirocco2000)
D(0.1) D(0.5) D(0.9) E1d 1k
Emipdavera
KOKK®YV
m%/g
AcBectog |1.43 8.29 77.06 1.53813
IMolordvn |5.4 162.3 1054 0.342857
A gv x 0[1.87 15.57 54.65 1.37071
TGUEVTO

Mivakag 4. votatika twv kovioudrwv (uépn fapovg)
Table 4. Compsition of mortars in part per weight

acBéot |molordvn |A € v k 6]A p p o g|Epyaciu|N/K

ng toévto |(04mm) |cm
La - - 3 16+0.5 ]0.858
Lb - - 3 15+£0.5 ]0.800
Lc - - 3 12+0.5 ]0.750
Ld - - 3 11£0.5 [0.685
Pa 1 - 6 16+0.5 ]0.794
Pb 1 - 6 15+£0.5 0.733
Pc 1 - 6 12+0.5 [0.666
Pd 1 - 6 11+0.5 ]0.630
Ca 0.8 0.2 6 16+0.5 10.719
Cb 0.8 0.2 6 15+£0.5 ]0.685
Cc 0.8 0.2 6 12+0.5 ]0.620
Cd 0.8 0.2 6 11£0.5 [0.589
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Ye nlkio 28 kot 90 nuepdv eréyybnke m Omtiky
avtoyn Paoet tov kavovicpov EN  1015-11 kor n
voatoanmoppoenrTikétTte.  Pdost tng pebodov RILEM
CPC11.3 [11]. To doxipie oto dudotnuo  €AEYYOL
cuvnphnkav Bacel Tov Kavovicpod EN459-2.

AT6 T0 amOTEAEGLLOTO TPOEKVLY OV TOL OLOYPOLLLLOTOL, OTTMG
eatvovton ota oynpata 1, 2 ko 3.
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yuo 1. Zyéon  Ohimuikic  avioyns, epyociuoTTOS KOL  GmOp-
POPNTIKOTHTOS O OOPETTOKOVIGUOTO. 0E OLOPOPETIKES
nliKieg eAgyyov

Figure 1. Relation between compressive strength, workability and
water absorption in pure lime mortars at different ages
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Figure 2. Relation between compressive strength, workability and
water absorption in pozzolanic mortars at different ages
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Figure 3. Relation between compressive strength, workability
and water absorption in mortars containing cement at
different ages

3. AIIOTEAEXMATA

TNo va emitevyBel 1 10100 epyocitdTTo GE SLOPOPETIKG
GLGTNUATO KOVIDV, OTOLTEITOL SLPOPETIKOS AOYOG vEPOV/
kovie. Ta ooPeotokovidpoto omotovv TN peyoAdtepn
TOGOTNTA VEPOL GE OYEOMN HE TO. GAAO 6V0 €idn KOVidV.
Otav mpootifetar moloAdvn M OTOLTOOUEV] TOGOTNTA
VEPOL PEIDVETAL, EVD EMTAEOV UEIMOT KOTAYPAPETOL LLE TNV
TPoGON KN ToEVTOD.

To edpog G OMRITIKNAG avtoyng Yoo To  OUYR
acPectokovidpota otny nikio Tov 28 nuepdv givar 0.16-
0.22MPa, vy oe 90 nuépeg to O6pro givor 0.22-0.35MPa.
Yta moloAavikd KOVIGUOTO KaTaypageTal €0pOg aVTOYNG
3.0-4.3MPa v 28 nuépeg, oe 90 nuépec etvan 5-7,8MPa,
EVAD OTO KOVIAUOTO 7OV TEPEXOVV TOUYEVIO 1 OVTOYN
rkopaiveton 3.0-4.7MPa yuo 28 nuépeg kot 6-8MPa e nhikia
90 nuepov. H amoppopnrikotnta eivor 16-18.0% ywo ta
acPectokovidpota og 28 nuépeg. Xto 1010 mepimov enimedo
eivar 1 amoppoenTikdtnTa (16-18.8%) Yoo Ta molodavikd
kovigpato kot 14.8-17.7% elvor 1 amoppopnTikdTnTo TOV
KOVIOUAT®V 6T0, 0moio Tpootifetal Topévro. Xtig 90 nuépeg
1 pelwon g tdong Y amoppdenom vepov givor 5-6% oe
oxé0M LE TNV ATOPPOENTIKOTNTA OTIS 28 MUEPES Yo Ta
0GPECTOKOVIANOTO VA TO TOG00TO givar 1-3% peimon g
ATOPPOPNTIKOTNTOG YO TO. VOPULAMKE GUGTHLOTO KOVIDV
GTOVG AVTIOTOLYOVG YPOVOLG EAEYYOV.

Amd ta SroypappoTo @aiveTal, emiong, OTL 1 6YE0T OV
ovvdéel tov Adyo vepol /kovia (N/K) pe v avtoyn kot
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NV omoppoeNTIKOTNTO 0KoAovBel v 1010 Tdon Yo Ao
TO. KOVIGLOTO, 0OV 060 QLEAVETOL TO TPOGTIBEUEVO VEPO,
LEWDVETOL 1] OvVTOYN Kol OLEAVETOL 1) GTOPPOPNTIKOTITO
[12]. H tdon avt) eakolovbel vo 1oy0el oToV EAEYYO TMV
3 unvov. H eridpaon tov Adyov N/K ywa ta id10 cuetipata
Kovidv givor kaBopiotikn. [apatnpeital 611 ot KovidpoTo
pe pkpn avoroyio vepov/ kovia (epyooipotto 11+0,5cm)
N avénon g avtoyng eTavel To Tocootd 25-35% o€ oyéon
LE TO OVTIOTOLYO KOVIALOTO TTOL €Y0uV UEYAAN ovaAioyio
vepov/ kovia (epyacyrotnta 16+0,5cm). Zto peiypota ovtd
1 HElOON TNG VIATOUTOPPOPNTIKOTNTOS PTAVEL TO TOGOGTO
10-13%.

4. XYMIIEPAXMATA

O poAog NG TPOGONKNG VEPOD GTO OAVAUELYUO TMOV
KOVIOUATOV eMEUPAONS Yo TNV EMITEVEN TNG ATALTOVEVNG
EPYACIHOTNTAG €ival KOBOPIOTIKOG Yo TIS LOKPOGKOTIKES
W0TTEG TOV TEMKOL 7Poidvtog. [ tov Adyo owtd
oL 1310TNTEG TOL VOTOV UElYHOTOS TPEMEL HE EMUEAELD
vo eAéyyovior Kot vo Kotoypdeovtal. H oyéon g
EPYACIHOTNTAG LLE TOV AOYO vepOoL/Koviag Umopel va ahAdEet
pe N xpNoN TPOCUEIKT®V OTO HEIYHO OAAL avtd dgv
OOTEAEL OVTIKEILEVO HEAETNG TNG TTOPOVCAG EPYOGING.

Ao T0 TEWPOAUATIKO LEPOG TNG EPYOACING TPOKVTTEL OTL O
ENEYYOG OPIOUEVOV POCIKMV ISIOTHTOV TOV KOVIUUATOV OTTMG
1 OVTOYN KOt 1 VOOTOUTOPPOPNTIKOTNTA TOV GKANPLUEVOD
peiypartog givan e@uktdg, 6tav mpokabopilovrat ot 1310t TES
Kot ot avahoyieg t@v mpodtov VAOV. H alAnie&dptnon
TOV WOTYTOV owTtdv kabopifel v avOekTikdTTa TOL
véov Kovidpatog enépfoaong. O Edeyyoc TOV TPMOTOV VADV
nov Ba ypnoyonomBodv Yo T cOVOEST TOV KOVIOUATEOV
EMOKELNG Qoivetal va glvar T0 TPpOTO PApo mpog v
KateLBLVOT TOPUCKELNG KAANG TotoTnTaG Koviapdtov. Ta
EMOKEVOOTIKA KOVidpota Tov Pacifovial o€ Tapadoctokés
TPOTEG VAES ivol “UOACKE™ DAIKA Kol amoitodV TPpocoyn|
oe OMho To oTAdIOL TG ovvBeong Kot geoppoyng tovg. H
amOKTNOT VTOY®V Yivetal otadiakd Kot cuvnibmg amottel
yxpovo. [apdro avtd ot dvvatdtnTég Tovg pmopet vo givat
kafoplopéves Kot 1 eMiTELEN TOV 1O0THTOV OLTOV Vv
elvar eQkt] pHé€cO amd GLVTOVIGUEVOVS KOl TPOGEKTIKOVG

YEPIOUOVG TOGO GTO GTASI0 TOL GYESINGHOD, OGO KOl GTO
OTAO0 TNG TAPAYM®YNG TOVG,.
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Extended summary

Parameters for the Production of Repair Mortars

Maria A. Stefanidou
Lecturer, Aristotle University of Thessaloniki

Department of Civil Engineering, Laboratory of Building Materials

Abstract

The production of repair mortars used for the renovation of
monuments and historic buildings is a complicated task that
has been developed over the last twenty years through trial and
error. In many cases, the errors have cost the loss of irreplaceable
elements of our world cultural heritage. Nevertheless, through that
procedure experience was gained. As these repair mortars are
usually based on traditional materials, they are characterized as
low potential materials and require care during all the stages of
their production and application.

The present paper aims to correlate three important
properties for repair mortars— compressive strength,
measured according to the EN1015-11; open porosity,
measured according to RILEM CPC11.3; and workability,
measured by flow table (EN 1015-3)—and simplify the
mortar mixture through diagrams that combine these
properties. In this way predefined properties of repair
mortars can be derived, based on the properties of the raw
materials used for the mortar mixture.

The production of repair mortars is a delicate task, in
which many parameters should be taken into account: the
nature of the old authentic materials, the environment in
which the monument stands, the existing decay state and rate
of deterioration, as well as aesthetic criteria [1] [2] [3].

The difficulty of standardizing mortar production stems
from the fact that the raw materials used for mortars are not
always checked. Materials available in the local market, such
as lime, pozzolana and sands, are usually used, and there
are no special requirements concerning, for example, the
optimum content of Ca(OH), in lime. Relevant regulations
refer to the way laboratory tests should be performed (EN
998, EN 1015) but the philosophy of mortar production and
the criteria on which a repair mortar should be based are
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still a matter of experience. Besides, during repair mortar

production it is a common practice to use materials that are

found in the environment of the monument or the historic site.

This technique was also used by old masons, who used their

intuition and practical rules rather than scientific criteria for

their work [4] [5]. These techniques may still be valid today
but only after relevant tests are performed in the laboratory.

The production of repair mortar involves three distinct
stages [6] [7] [8]:

1. Understand the nature of the monument, which means
knowing the history, visiting the place, performing an
accurate sampling and analyzing the old materials.

2. Design the new mortar based on the results of the analysis
of the old materials and the monument’s environment.
Factors such as the climatic conditions under which
the monument stands—temperature, humidity, distance
from the sea, wind, underground water—are taken into
account for the required mortar durability.

3. Production and application of the new mortar. As mortars
are the surfaces though which water and deterioration
factors can enter the structure, mortar application is
crucial for the structure’s longevity. A well designed
mortar, if not applied correctly, can cause severe
problems for the integrity of the monument.

In the present work an attempt was made to standardize
mortar production, producing mortars in the laboratory with
tested materials. The results could be of practical assistance
in the field.

The experimental study found that repair mortars based
on traditional binders are low potential materials that have a
fragile nature and require great care. The control of the raw
materials used is the first step in the direction of producing
good quality mortars. The diagrams produced are an effort to
correlate important properties of the repair mortars that were
made under controlled conditions.
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