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CHAPTER 1- INTRODUCTION AND SCOPE 

1.1- lntroductlon 
Moisture-related problems with floor cove.ring maceriaJs 

are a se.rious and costly c.onstruc.tion issue. Such problems 
include blistering, delaminatio11, adhesive degradation, 
adhesive bleed, and mold g.rowch. Claim .. 1t tor the co,·rec1ion 
of these problems may call for full or 1,artial re~,lacement of 
the flooring system. Claims may also be made for construc­
tion delays, lost revenue, or health issues rela1cd to indoor 
air quality. It is currcmly up co architects, engineers, tlooring 
installers, flooring and acillesive manufacmrers, concrete 
contmctors, and concrete producers to solve these problems. 

1.2- Scope 
Chapters I through 8 provide an understanding of concrete 

moisrure behavior and drying and show how recommended 
constniction practices can contribute to successful pe.rfor~ 
mance of floor covering materials. This background provides 
a basis tbr the recommendations in Chapter 9 to improve 
1he perfom1ance of floor covering materials in contac1 with 
concrete moisture and alkalinity. 

Because this guide is specific to floor moisture problems 
and solutions. refer to A Cl 302.1 R and AC! 360R for general 
information. These two documents contain guidance on floor 
design and constniction that is nce.ded to achieve successful 
Hoor covering performance. 

The objective of this document is to provide informa• 
tion and guidance to help reduce the potential for moisture• 
related flooring problems to occur with both slabs-on-ground 
and suspended slabs. It provides basic infonnation on the 
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flg. / ,Ja-Debonded sheet .flooring due ro moiswrc in the 
concrete slab (photo courle.sy qf P. Craig and H. Prom~ Ill). 

Fig. I.Jb- Adhesive ble<•d (image courtesy of Adam 
Bakemtm). 

conc.rete drying process, moiSI\Jre behavior in coocre-Lc, 
testing for moisture. the use of below-s1ab vapor retarders. 
t1od correc:1ive op1ions. 

1.3--Flooring moisture issues 
Figures 1.3a to I .3e show 1y1>ic.al problems that can oc.ctu· 

in concrete s labs coveted with flooring nrnterials. 17lese­
problems illclude de-bonding, adhes ive bleed, blistering. 
mold g'°w1h. and adhesive degradation. 

1.4-Concrete slabs that receive flooring materials 
This documeru fQCuse..~ on the behavior of moisture 

in c.oncrete slabs and 1he. effec, of the concrete moisture 
condition on 1he peribnnanc.e of applied fl0t)ring materials. 
Reaching a desired moisture state, however. should lll)t be 

Flg. I.Jc- Blisters due to m<)(tlure m cc,,crete {photo (;(mr­

te~y q(P. Craig). 

Fig. I.Jd- Mold growth ln ca,pet due to mo;s111re iu concrete 
(photo court~~v qf Floor Seal Technology, !11c.). 

. •·-

. , ' ' . 
, 

Fig. I.le-Adhesive degradation leading to debonded solid 
vi1tyl life in.walled over asbesto.s tile (photo t·ounesy of P. 
Craig). 

the only acceptance-crilerion for n coocrece slab 1ha1 will be 
coated or covered. Floor fla1ocss. surface 1ex1ure and finish. 
cracking. cuding. s1ruc1ural capaci1y. jointing n,quirei-nents, 
and 1be polen1.ial for che slab 10 scay accepiably dry should 
also be considered. The goal is ins1alla1ion or a noo.riog 
sys1em-subgrade. subbase, vapor re.larder, c-0acrcte slab 
(and possibly reinforcement), coating or flooriog adhesive, 
and floor covering-1halsatisfles performance requiremc-nls. 

ACI 360R and 302.1 R provide recon)menda1ions for 
designing and building c-0ncre1e slab-on-ground substrates 
Lhal are suicable for receiving flooring ma1.erial$. This docu-

American Concrete Institute - Copyrighted C Material -www.concrete.org ('aci, 
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mcnl supplements infomutlion contained in ACI 360R and 
302.1 Rand also applies to suspended sk1bs. When designing 
and building suspend'-'(! slabs. this guide should be use<l in 
conjunction with AC! J 18 and 302.1 R. 

1.5-Changes in construction methods and 
materials that affect f loor systems 

Changcs in construction me1hods and materials over the 
years have affected 1be success ra1e of flooring ins1aJl::1-
1jons. for example, mnny projcctS are now c-0ns1ruc1cd on 
a fasHrack sc-bedule 1ha1 mfty 001 provide s uflicient 1ime 
for concreLe to dry oanirally 10 :m acc.ep1able moisture level. 
Recommendmions concemiug the 1ype and loca1ion of 
below-slab vapor relarders have changed and lloor covering 
adhesive fom1ula1io.ns have bcc-u changed LO limil the use of 
vola1ile organic comp0uocls (VOCs). 

1.6-Floor flatness changes with time 
Concrete shrin_ks when it loses moisture arid expands whe.n 

ii gains moisture. When the top of a slab loses more moisture 
than rhe botto,n. the ditrere-1ufal shrinkage causes edges and 
corners of I.he slab lO deflect lJpward. This is called curli11g 
or warping. Because of this, concrete slabs lhat are built flat 
do 001 always stay flat 

ACI 302.1 R states that it is nom,al to expect some 
a,nount of curling 011 every project. Co,urol of curling will 
be a design challe.nge if floor specificatiom: arc wriuen 10 
meet both CSI Division 3 aild Division 9 flatness cri1e.ria 
(Const1·11ction Spccifkmio,1s Institute 2000: Craig 2004; 
Holland and Walker 199k; Suprenant 2002a.h). As shown 1ll 
Supl'enam (2003d), curling or warping can cause t1001· Hat­
nes.s and le\'elness. as measured by F-numl>ers, to decrease 
by 20 to 50% in. a year. The use of a low-shrinkage mixture 
c.an minimize these changes. 

Time-dependent changes in floor profile.s occur on every 
project, but the magnitude of Lhe profile change. c.an vary. 
ACl J 17 sLares, ,;Since nenher deflection nor curling will 
significantJy change a fl.oor 1s Fp value, there is no time 

-o 
60 
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limit on Lhc measurement of this characteristic." Flatness 
measurements on given ftoors at dilfcrcnt ages, however. 
indicate that this statement is not tme {Suprenant 2003d). and 
ACJ l 17-06 requires Hatncss measurements within 72 hours 
after finishing. Therefore. tbc design team should consider 
how changes in floor profiles with time might affect: 

(a) The cost to rccst~iblish floor tolerance requirements 
that had originally been achieved at the time of placement 
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Fig. I .6a- Whe11 jlfll11ess of au unreil,filrted floor is ,....ig. I .6b- Appmt,ches IQ providing a j/(>(>r that mee1s the 
mea.w1retl initial/)~ F-numher.fo• may indicate fl ,,e,:v }lat jloo,: neetb' of 1he floor covering im:u,/Jer: (a) pmduce a higher 
When flooring ill.r1alle1:f .ruut their work, howewtr. fl-a mess initial FF': (b) use reiufordug steel 10 reduce curling: and (c) 
may have changed. as indicated l~y the gap between Divi.fic>11 correct jlt1111ess pmhlem:~ by grinding and pfll,•hiug (Supre-
3 a11d Dil'ision 9 jlmne.rs (Supre,w11t 2003d). ua,u 2003d). 
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(b) The long-lcnn Hoor performance after the floor 
covering has bcco installed 

Figure 1.6a shows :;chcm11tica1ly how ftatnc:ss of an unre­
inforced Hoor can vary over time. The FF 50 required by a 
Division 3 Speciiica1ion-and produced by the conLntctor­
decreascs after 12 months. Because or curling. unreinforc"-d 
joinit.-d noon- exhibit 1:1 similar llatnc-ss Joss with lime. This 
creates t.he gi1p between Division 3 and 9 requirements. 
Design professionals c.an use-one of severol approaches to 
provjde a noor lhnt mec.:1~ 1he fla tness needs of 1he lloor 
c-0vering ins1aller. 

Figures l.6b(a) 1hrough (c) show 1hrc,, possible 
approaches: 

(a) Produce a higher lniHal F .. - The engineer es1hnates 
1he decrease in noor flatness wi1h iirne, then specifies a.n 
initial F., 1ha1 hner drops 10 1he value needed by 1he floor 
covering ins1allet. Making the estimate is difficull because 
the aioount of c.urling varies witll lbe-concrete properLies and 
service. environment. In addition. a l1oor with a hig.h initial 
F1• experiences a greater percentage flatness loss for a give.ii 
curling deflec1io.n. A low-shrinkage ,-nixture is one means of 
helping lo red11ce c.url. 

(b) Use reinfort:ing s teel- The engineer seleclS a rotio 
of reinfOrcement area lo _gross concre.ie area- 1ypically 
approximately 0.S% fot Grade (,0 stee.l-- 1hat mi,,i,n i1.es 
curling. Refer to ACI 3M)R for more infonnation. 

(c) Correct flatness problems- Some measure of s lab 
curl is lO be expected on all 1)rojects. An allowance should 
be provided in the hid to cover the cost of stabilizing and 
reprofiling curled slab sections and curled and rlOJlCuJ'led 
random c1-acks. Secuoos 6.1.9 and J0.9 discuss various 
repair options. 

1.7-0ther conslderaUons 
Wide, random cracks in s lab.s crea1e. problems when 

flooring ma1eriats a11e placed over tJ1em. Most floor covering 
nrnnufacrurcrs require some fom1 of crack treatment for 
wide cracks. ro minimize crack width and crack repair, 
steel reinforcement should be considered for use in 1he s lab 
(Fig. 1.7a). as recommended by Holland and Walker (1998). 
Other 111e1hods for reducing the potential for excessive. 
cracking include low-shrinkage concrete mixtures, macro­
synthetic or steel fibers. or other types of reinforcemem such 
as post•tensioning. Narrow joint spacing has also been used 
to help re.duce the developmenl of random cracks in s labs 
with minimal or no reinforcing. However, joims beneath 
resilient flooring that are not brought to a s1able, nonmoving 
condition can telegraph, or cause deformity in floor covering 
installations. Concrete s labs to be covered can be designed 
to control the width of c.racks that occur such that contrac• 
tion joims can be eliminated. 

Contraction, construction, and column isolation joints 
often visibly telegraph through thin flooring materials. 
Because of ibis problem. Holland and Walker ( 1998) recom­
mend using continuous reinforcing bars to minimize crack 
widths, and eliminate sawcut contraction joints and the 
naditional diamond-shaped isolation joints at columns when 
floors will receive a covering. Instead of using diamond-

Fig. I. la-Prvper :;ized oud supported rein}Orciug bars 
help '-'Ontrvl slnb curllng and the wldth of cra<"klng in slnbs 
placed direct~y (111 (J ,·apor retanle.1: 

f:."'::.i~ --~ _ .. . 
Ii'!'-... ....:~ . .... ,..,... 
.·_' ·-­

,. 

c-, .. 
e,o ........ .,.,.. 

A B 

Flg. I. lb- Elimlnate the uormaJ lsolatlOlf•;jOinl l;o:r()uts 
al wlde-jlange .ttetd c:olumns hy wrapping the column wllh 
compress/hie marerlnJs tmd usiug 2 Ji (0.6 m) lengths of 
N(J. 4 (No. I 3) {,ars (A) to control cracking at 11,e reentrant 
C(Jrne,-s. 7() speed up s1eel placement at t.l,e coluum.t, /rave 
1he reinfo,t.'iug bar supplier fl1bric.'a1e co11ti11uous No. 3 5Uir­
rups that workers t:a11 easily bend OJX.'u to fit t,mund the 
column (B). ill either case. 11,e .wee/ slu>uld be JJOSitkmed 
witlt a lop-and--side dear <:01-er of I iu. (25 mm) (Holland 
and Walker /998). (Nore: I fl = 0.3 m: I in. = 15.4 mm.) 

shaped isolation joints> columns in a floor system should be 
"•·appcd for the full Hoor depth wilh 1/2 in. ( 12. 7 mm) thick 
compressible isolation joint material (Fig. l.7b). Refer to 
ACI 360R for more infom1ation. 

Cnrpcling and some types of unbondcd flo<.1r coverings 
can typically tolcralc larger crnck widths in the concrete 
Hoor withoul no1icc~1blc telegraphing or the crack through 
the Dooring material. \Vhcn these coverings arc used. 
crack-control measures al columns nu1y nol be needed. The 
column-slab inlcrfoces should simply be wrnppcd 10 isolate 
1hcm from the slab. Refer 10 AC! 360R for more detailed 
informa1ion on 1hc design of slabs-on-ground. 
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6 CONCRETE SLABS THAT RECEIVE MOISTURE-SENSITIVE A.OORING MATERIALs-GUIDE (ACI PRC-002.2-22) 

CHAPTER 2- DEFINJTIONS 

2.2-Definitions 
Please refer to tJ1e latest version of ACI Concrete Tcnui­

nology for a comprehensive lisl of definitions. 

CHAPTER 3-CONCRETE MOISTURE BASICS 

3.1- lntroduction 
Hardened concrete slabs contain water in either a liquid or 

vapor form, The amount and distribution of this water is of 
primary concern with regard to the instaHation and perfor­
mance of floors and flooring materials. The amount of water 
in fresh concrete is dctcnnincd by the concrete mixture 
proportions, the concrete batch weights. and any water added 
after batching. tnitially, the distribution of water in a fresh 
concrete slab may be slightly affected by bleeding. placing. 
finishing practices, evaporation during finishing, and curing 
methods. It is. however, the effect of moisture redistribu1ion 
in the slab after it is covered. the introduction of additional 
mois1urc from below the slab, or both. that can lead to the 
development or a high pH environment al ,he surface or the 
slab duu has the greatest adverse effccl on the performance 
of flooring materials. Understanding how waler moves 
through hardened conc-rete is imporwnt in dctem1ining: 

(a) Consc<1ucnces of tbc moisture-movcmenl 
(b) EA<.-ctiveness of moisture testing mclhods 
(c) Validity or Hooring maaufocturers' warranty 

recommendations 

3.2- Moisture movement 
AO.er curing and before drying begins, 1he moisture 

distribution in a hardent.'(I concrete slab is reasonably 
uniform throughout tbc membei:- 1hjck.ncss (Han~on 1968), 
As c-onc-re.te dries. tbe amount and distribution of moisture 
changes (I k denbl:id 1997). 

3.2 .1 Drying of concrete slab-011•gromui- Figure J .2.1 1 

adapted from I ledenblad ( 1997), shows scheinatically the 
cha11gc in internal relaiive humidity (RH) of a concre1e. slab­
on•ground as i1 dries lr<)n, the top surface. only. The ver1ical 
line a.1 100% RI I (Curve A) shows 1he initial di:,1ribution 
when drying begins. As the slah dries. 1hc concrete loses 
more moistute frorn the ,op than fi·om tl1e rniddle or bottom. 
This results in a moisture ditreremial within the slab, with 
the. internal RH lower ar the top. The profile of the d1ying 
cutve (Cut'Ve 13) varies with lhe temperature alld RH at the 
CQJlcre.1e st,rface, the lenglh of 1he drying petiod, and the 
c-0ncre.1e properties. 

Depending on the pem1eability of the flooring material, 
slab drying ceases or slows when a floorcovel'ing is inscalled. 
Witll lhe flooring in place., 111oisnU'e within the concre.te 
redistributes dU'oug.hout the slab before re.aching an equi­
lihrimn level at which Lhe RH is nearly mliform tlll'oug.hout 
the. concrete. With moisture prevented fmm emering the slab 
from below, after a period of drying, the re.equalization level 
of moisture in the slab will be lower tllan when the slab was 
originally placed. Figure 3.2.J shows the new RH profile as 
a venical line (uniform moisture)m 90% RH (Curve.C). The 

• 

One.Sided Drying Profiles In a Slab on Ground 
fwla1N• Humidi'ty,petUnt 

0 10 H M • M W ff • M ~ lW 

• (A) 
(8) 

~ Mkl .. R•1t1ive Hutnldicy .. 
~ Drying RH Profile • 
-.-eovstM EquubR.lm RH 

p·,ofll• 
(C) • 

' 
Fig. 3.1.I- Oue-sided drying profiles iu a slab4 on-grouml 
showing initial. d,)'ing, and e,•ove,·e,I equilibrium RN profiles 
(adaptedfmm Hedenblad { 1997/). 

T\lrto..Sldtd t)ly1ng Proftlos In a eJtvated Slab 

Rtl.WV. Humidity, pt:rctnt 

0 10 20 )I) ◄0 !IO to 10 to tO 100 110 

-+- lnhl.111 Rel.adv• Humidity 

,. 
(BJ 

(A) 

Fig. J.2,2- Two-sided d1yl11g profiles in suspended slab 
showi,rg i11itial. d1yiug, and cow1.retl equllibrium RH pr<ifiles 
(adapte,1 ji-0111 liedenbl"d { 1997/), 

absolute RH value at equilibrium varies depending on the 
initial moisture contem, drying condiLions, and length o f the 
drying period (Hedenblad 1997). 

3.2.2 D1yi11g of suspended concn,,e slab-Figure 3.2.2 
(adapted from Hedenblad I 997) shows schematirnlly the 
change in internal RH of a concrete. slab drying from both 
the top and bottom. Sfmilar to the concrete slab-on-ground, 
the ve1t ica1 line at 100% RH (Curve A) shows the initial 
distribution when drying begins. As it dries, the concrete 
loses moisture from both the top and bottom of the slab. 
Tilis results in a moisture differ<mtial within the slab, but 
now with the maxi1uum RH at middepth of the slab (Curve 
8). The profile of the drying curve again varies with the 
tcmperamre and RH at the concrete surfaces. the length of 
the drying period. and the concrete properties. 

Drying at the top of a suspended slab ceases or slows 
when a floor covcdng is installed, depending on the pcm1c~ 
ability of the floor covcriog, but the bottom concrete surface 
can still dry (this discussion docs not apply to concrete 
placed on lc'3\'C•in~plaoc fom1s such as metal decking), The 
internal moisture now rcdistribulcs throughout the concrete. 
creating a higher RH at the top surface. but a lower RH at 
the bottom thal is stiJI drying. Figure 3.2.2 shows the cqui-
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CONCRETE SLABS THAT RECEIVE MOISTURE•SENSITIVE R.OORING MATERIALS-GUIDE (ACI PRC.302.2-22) 7 

librium inlcroal RH profile aflcr the Ooor covering hns been 
pl:.1ccd (Curve C), Con1inucd drying from the botlOm of the 
slab may occur. The amount or drying depends on the inh.:­
rior ambient RH and the slab thickness. Subseqocnl possible 
drying, however, should ao1 be considered when dcler­
mining the appropriate mois1urc condi1ion al which the floor 
covering should be plact.-d. 

3.2.3 Dqi11g of con,·rete slab-011-grv11nd with u·ater or 
water llapor below- lni1iully. a l'Oncre1e slab placc<l direc1Jy 
on a granular snbbnse or subg.radc behaves like a concrete 
slab placed on a vapor re1nrdc-r, with an initially vertical RH 
profile and a drying curve similar 1.0 that sbowo in Fig. 3.2.1. 
Aller lhe floor co,1eriog is placed, however, moisture inflow 
froin lhe bonom changes 1be equilibrium profile. The amouni 
or moisture en1.ering from 1he bouorn is 1mpredic1abJe but, 
depending on the-available moisture supply and the concrete­
pr:operLies. RH a.1 equilibri'mn could be close 10 100%. A 
cooerete slab-on-ground wilbout a vapor retarder directly 
beneath it may have a fi.nal RH profile 1hm doe~.; noL be-ne6t 
li-ol'n any inilial slab drying. 

3.3-Concrete drying profiles 
Many investig::nors have measui'e<I 1he mois1ure condition 

of concrete in rhe field arid labomtory. Some inves1igat0rs 
ploned dl'ying profiles showing variations in RJ-1 or moisture 
c-0ntent through the cross section of the speci,nens i11 which 
meast1rements we.re made. 1l1efr re.suits verify the theory 
discussed in 3.2. 

3.J.l lia11srm ( 1968)- Figure 3.3.1 shows drying curves 
fo1· both norma1weight a11d lightweight co11crete (Hanson 
1968). Relative humidity was measured at cover depths of 
114, 3/4, 1-3/4, and 3 in. (6.4, 19, 44, and 76 mm) in 6 x 
12 in. ( 150 x 300 mm) concrete cylinders that were mois1-
cured lbr 7 days. Figure 3.3.1 shows that: 

{a) Drying ,,rofiles differ for normalweight and ligh1-
we.ight concre.te. 

(b) Lightweight concre.te took longer to dry than normal­
weight c.oncre-te. 

100 ,.-.,,.,..,-- ,-----,,------- --, 

30 

eo 
10 

•o 

LIGHTWE:U?fl CONCRETE 

.1•c..e, •~e...,... 

Fig. 3.3.1- Typit:al RH di.'f/J·lfmli<)n for llglttweigl,J and 
normalweigl,t concrete in 6x I 2 In. ( !50.r 300mm) co11cre1e 
cy linderS mois1 curedfor 7 Ja;:s, then dried (Hanson 196$). 
Co,-er l'efers to depth a, which the relatfre lwmidi{v was 
measured. (Note: I in. = 15.4 mm.) 

(c) Normalwcight concrete took less than 90 days und 
lightwcigh1 concrete took more than 180 d~1ys to reach 85% 
RH at the center of a 6 in. ( ISO mm) <liumeler specimen. 

3.3.2 Abrmm and Or(l/s (/965)- Thc effect of moisture 
conleot on Lhc fue miisumce of concrete is well kno,vn. 
ASTM E 11 9 reqoi.rcs the concn.:1e 1es1 .specimen 10 be at a 
maximum RH of 75%. Fire invesliga1ors should mea~;ure 
lhe concrete•s intemul RH before fire tcsling the specimen. 
figure 3.3.2 shows mois1ure profile curves from I.he surface 
"' the cen1c, ora 6 in. ( 150 mm) 1hick slab (Abr•ms and Orals 
1965). The 1esl specimens were subjected to ex.1ermll RH of 
I 0, 35, 50. and 75%. Specimens were dried 10 levels 1hat 
produced RH of 90 an.d 75% at the slab cen1er. Figure 3.3.2 
shO\I,'$ lhat: 

(a) The c.oncre1e moisu.1re profiles tire curvilinear. 
(b) Differences in RII of up 10 65% (10 versus 75% RII) 

at the dl'ying surface resuhed in small (nppro):i1m:1i.ely 3%) 
RM diffc.rences a, a dep1h of J in. (76 mm) lroon lhe drying 
surface .. 

(c) Even when 1he surface was exposed 10 a very dry erwi­
romnent (10% RII), concrete at a depth of' 3 in. (76 mu,) 
reached only 75% Rf-I . 

·•~--~--~--~---------, 

•• 

84 

-5 
~ 76 
C 

/l 

• 
:12 
~ 

•• , 
:c 

• •• • 
~ • 0: •• 

60 

D 

• ----------.... _ ----o---- D "",, ----- -, ' 
0 ---42 ........... ' 

, .......... ' ...... 'ti,\ ..., __ , 
'" AM91£NT HUMIDITY 

D 35'% 

O 10% 

Mld • Plont ol Slob 

TEST HUMIDITY 

90'!1. 
75% 

i 

Slob 
Surfo~• 

Ol1tanu from Ctftter ol S lob, lndu 

' \ \ 
\ 
\ 
\ 
\ 

Fig. 3.3.2- Moisture profiles for slabs dried at differing 
ambient RH (Abrtuns aucl Ora/.f /965). (Nate: I i11. = 
25.4 mm.) 
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so to 10 10 to too 110 
AVERAGE MOISTURE CONTENT,% 

SO IO 70 IO IO 100 110 
AVERAGE MOISTURE CONTENT,% 

so eo 10 10 to 1ot no 
AVERAGE MOISTURE CONTENT,% 

Fig. 3.3.3- lvloiswre profiles /Or concrete slab-on-ground 
drying ji"Om top only. suspended bridge deck d,,,iug fi'om 
bo11t 1op and bonom surfaces. cwd suspended deck plllced 
on stay-in-place metal form drying .from top only (0.wrier 
et al. 1975). 

3.3.3 Crm·ier ,,, nl ( /975)-Field mois1ure-con1ca1 
1esti.ng was conduc100 on n pavement. a bridge deck, and 
on concrete placed on a stay-in-place fonn (Carrier et al. 
1975). During, 1his iovestiga1ion. concrete cores were 
removed fi-om 1he 1es1 specimen, sliced into discs. weighed, 
and 1hen re-placed in the structure with gaskets aro1md each 
disc so duu oo drying occuned in the annular space berwecu 
the cori..--s and the-oore hole. The discs we.re removed and 
weighed at regular irHervats. 

Figure 3.J.3 shows the resullS or 1hese studies. The 
concrete dr'}'ing profile for the pavernen1 shows signiticant 
drying from 1be 1op only. where~s <he bridge deck shows 
drying from both the. tor) and bonom. The d1ying profile for 
the bridge deck on stay-in-1,lace mcial forms shows thal 1he 
deck can dry fr-001 the t01> only, similar to an interior building 
slab placed on a metal deck. 

3.3.4 lui1ial moisture projiil~ b nS<,1l's ( 1%8) inte!'nal 
IU I ,neasurements on nonnalweig.ht and lightweight 
c-0nc.rete 6 x 12 in. ( 150 x 300 mm} cyli11ders also verify 
the assun1p1ion that the moisture di);tribuLion in concrete 
afler ctJring is initially reasonably uniform throughout the 
member Lhic-kness. Table 3.3.4 shows RH test resuhs for 1wo 

Table 3.3.4-lnternal RH distribution,% (Hanson 
1968) 

Ua;btwe-lgbc contt'tce(fi x 12 In, II.50 x JOO mm! CyUnder 1), 
m l)i,sl -n, re4) 7 du)'$ 

Otp1t1. In. (mm) Cl days '.lda~•s 7 d.ays 1.a d.ays 28 da~•,i 

0.25 (6.4) 100 94 S9 81 7l 

0.75 (19) 100 100 98 94 89 

I, 7$ (44) 100 100 100 100 98 

3.00 (76) 100 IOO 100 100 99 

Li~tuweighl concrtce ( (1 x 12 in. 11 SO x 300 nuuJ Cyli11dcr 2). 
IUl,ti$1-tllrt"d 2$ dll.)'$ 

Oepth1 In. (mm) ii days '.l days 7 dars 1.a days 28 da~'S 

0.25 (6.4) 100 92 86 79 71 

0.75 (19) 100 100 99 96 91 

1. 7$ (44) 100 100 100 100 99 

3.00 (76) 100 100 100 100 99 

Normalweight eonc~tt (6 x 12 irt, 1150 :< 300 niml Cyiindcr I). 
lhOiU•turtd 7 day11 

Depth. In. (mm) Odays 3 d1ys 7 days 14 days 28 days 

0.25 (6.4) 100 81> "" 11 68 

0.75( 19) 100 97 93 88 SI 

J.7l (44) 100 100 98 94 89 
3.00 (?6) 100 100 99 96 92 

Normalwci:;ht <onu·ttt (6 J I? in, J 150 x 300 nnnl Cylindtr 2), 
t1HIISC-.Ct1red 28 days 

Depth, in, (mm) Odays 3 d•ys 7 da)-s 14 days 28 d1ys 

0.25 (6.4) 100 35 82 76 69 

o.,s ( 19) 100 98 9, 87 so 
1.75 (44) 100 100 97 94 90 

3.00 (76) 100 100 99 96 92 

ligh1wcight :md two aomu1lwcighl concrete cylinders moisl~ 
cured for 7 and 28 days before drying. As expected. the 
measured internal RH immcdialcly after curing was I 00%. 
The test data for 3, 7. 14, and 28 days all show a drying 
profile in which the RH decreases with time. 

3.4-Effects of moisture movement 
The time n.'<.1uircd ror ch~ingc.s in moisture distribution 

within concre1c slabs ~•ffecls slab curling and joint bulging. 
Mois1urc tesling is also affected by mois1ure movemcol, 

3.4.1 Slab curli11g-Concrele shrinks when 11 loses mois­
ture tmd cx.pands when it gitins moisture. When the top of 
a stub loses more mois1ure than the bouom.~ the differeotinl 
.shrinkage Ci1uses edges and comers of 1he slab to deflect 
upward. This is called curling or warping. \Vhen a f:loor 
covering is ins1al led, however, the moisture profile changes, 
,vi1h moisnirc moviog from 1hc-bouom 10 tl1e top or the s1ab. 
This reduces, and may eliminme, the initial curling delloc­
tion bec..ause 1he concrete at the top expands as the .moisture 
content increases, and the coocrc1e a1 Lhe bottom of the slab 
shrinks as 1he moisture con le nt decreases (Tarr et ul. 2006). 

(acj} American Conaete fnsiitute - Copyrighted c, Material - www.concrete.org 

@seismicisolation@seismicisolation

https://t.me/seismicisolation


CONCRETE SLABS THAT RECEIVE MOISTURE•SENSITIVE R.OORING MATERIALS-GUIDE (ACI PRC.302.2-22) 9 
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F;g, 3,4, J- Seqmmce showing how moisture redisltibulio,, after floor covering placemenl con p/acejlooring (Tlld rmderfayme111 
mat<Wi'1ls imo compression 01·er curled joints. 

One possible consequence of changes in curling deftec• 
tion is illustrated by the, const,uction sequence described as 
follows (fig. 3.4.1): 

(a) Concrete slab is placed and c.ured 
(b) Concre.te slab dric-s, c.ausing the slab edges to 

curl upward 
(c) The floor covering installer checks concrete fl:itness 

and grinds the curled edges of some concrete panels to 
provide a level surface. 

(d) Installer applies floor covering 
(e) After some time. slab moisture redistributes to equilit,... 

rium~ reducing slab curling deflection. A reduction in edge 
curl can cause a joint filler material, leveling compound. or 
the Hooring material itsel f, to be placed in compression and 
create a visible ridge in the flooring (refer to 3.4.2). When 
this occurs. additional remedfal wort is typically required. 

Unfortunately, the amount of reduction in curling deftcc• 
tion after the floor is covered, and the lime it takes to achieve 
that reduction. arc difficult or impossible to pn.~dict One 
option is to inject rigid foam or polyurea into the cavity 
beneath curled edges to prevent relaxation of the slab 
edges when moisture redistributes within the slab after it is 
covered. After the undcr·slab cavity is injected, grinding can 
produce a Hat joint that should remain flat after the flooring 
m~llcriaJs arc placed, 

3.4.2 .Joint bulging-10 minimize random cracking, 
contraction joints in floors should be cm before drying has 
occurred usually either immediately after final finishing 
(with early-enny saws) or within approximately 6 to 12 
hours after final finishing (with conventional saws). Because 
slab drying is nonunifonn with respect to slab depth, the 
sawcut notch develops a more V-shaped geomeh)•. with the 
top opening wider than the bonom. Specifications typic.aJly 
require that joints be filled as late as possible 10 allow for 
the greatest amount of drying shrinkage. The joints are then 
filled Hu.sh with the top concrete surface. 

As shown in Fig. 3.4.2 and described as follows, subse­
quent changes in moisture content can create flooring 
problems: 

(a) Concrete conn·aetor places and cures slab 
(b) Concrete conmtctor sawcuts joint before slab dries 
( c) Sawcut opens and a V-shape geometry is fomtc.d from 

the top down as the slab dries 
(d) Sawcut is filled j ust before the floor covering is 

installed. Moisture rcdistributcs upward in the slab causing 
the top portion of the slab to expand. which places the filler 
material into compression. which can force many types of 
joim filler materials upward. 

Slab curling can make this situation worse. If the slab curls 
after the joint is cul and then rcla.xcs after the Ooor covering 
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F;g, J,4.2-Joiut bulge sequence il/11s1rating how moistw r.~ redistribution aflerjfoor cove.,·ing is placed can ('re.ate a joint filler 
bulge under i11stolledjloor covering 

is placed, that movement can also cause the joim filter, 
leveling compound, or ftooring material to bulge u1>ward. 

Floor covering installers often attempt to repair this 
problem by removing L.he row (or strip) of covering directly 
above the joint bulge and then use a razor scraper or grinder 
10 trim, the joint filler that has bulged. If this solution is 
implemented before the s lab moisture is in equilibrium. 
additional moisnu-e movement may cause the. joint to bulge 
further and require a second repair. ln many c.ases it is neces .. 
sary to fill the void beneath rite curled edges of the slab m 
prevem seulement of the slab after 1he Hooring is installed. 

3.4.3 .Afois1ure mo•·ement e.ffi-•c1.s on 1es1ing-Moisture 
test results can be misleading. Results from moismre testing 
should be interpreted. understanding that: 

{a) During drying, moisture in the: top portion of the 
concrete will be lower 1han the moisture content measured 
at the midpoint or at greater depths for slabs placed on vapor 
retarders. 

(b) RH mc.asurcmcnts taken at the surface of an uncovered 
concrete slab will be lower than measurements taken with an 
RH probe embedded at the required depth in tbe slab. 

(c) Surface moisture measurements taken bclbre a floor 
covering is placed will indicate a drier moisture condition 
than after the floor covering is placed and the moisture 
redistributes. 

(d) RM measurements forslabs drying from one side only 
are t)'l)ieally taken at a depth of 40% of the slab tllickness. 
for example. RH measurements in a 5 in. (130 nun) thick 
slab would be taken at a deplll 2 in. (51 mm) below lhe slab 
surface. The RH level nleasured at 40% of t.he slab thick­
ness is approxi1uately where t.he drying profile curve and a 
line representing the redistribution RH level in the slab after 
it is covered intersect (Fig . .3.2.1 ). Tirns, for slabs that are 
adequately protected from moisture below, the RH me.asured 
at 4o<'A, of the slab thickness will be approximately equal to 
the equiHbrium RH in the slab once it is covered {Hedcnblad 
1997; ASTM F2 I 70). 

(e) RH measurements for slabs drying from both the top 
and bottom are typic,illy taken at 20% of the slob depth from 
the top surface because that is where the drying profile curve 
and 1he equilibrium curve intersect {Fig. 3.2.2), Thus. the 
RH measured during drying at that location will be approxi~ 
matcly equal 10 the equilibrium RH measurement for the 
slob after it is covered (Hedenblad 1997; ASTM F2170). 

After the floor covering is installed, moisture in the smfacc 
region of the slab wm increase but the time required to reach 
the equi librium state is not known. To simulate placcmcm of 
a floor covering, several investigators have covered areas of 
the dried concrete floor or laboratory specimens with plastic 
sheeting or n1bbcr-backcd carpet t·ile and left it in place for 
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a week or more, They then removed lhe covering, measured 
1hc moisture vapor emission rate (MYER). and compared 
ii with the MVER before the covering had been applied 
(Supren,ml and M:1iis,;h 1998a). 

Measurcmcnt·s in accordance wilh ASTM Fl869 on dtcsc 
floors or laboratory sp<.~imens jndica1ed 1h11t 1he MVER 
increased signifi<.>n1ly (• I 10 2 lb/ 1000 n2/24 h [0.5 <o 
1.0 kg/1 00 m'/24 hJ increase lor Ooo,s ini1i•lly in lhe 3 ,o 
5 lb/ I 000 n½4 h [ 1.5 10 2.4 kg/I 00 m½4 h] MVER ronge). 
Th<.-se tests showed lha1 1hc. surface-moisture condition hnd 
changed a Cler 1he Ooor covel."ing ,vas placed but did not in di­
e.ate 1hc 1.i.-oe at which it re◄'IC-bed C(1uilibrium. 

Many h!SlS for determining the surfac-e moisture condi1ion 
of the coocreLe arc conducted by covering the slab ror 24 to 
72 hours. Olten, 1he moisture coodi1ion has no1 siabilized 
in 1his shor1 1ime. Unless 1he coverings for d1.e surface 1csts 
<1re lefi. in place until an equilibrium moistu(e co11ditioo is 
reacbed. 1hese tests give only an indication of 1he etrec1s of 
sur'fac.e moisture condition at the time. the test \Vas con<h1cted. 

3.5-Equilibrium moisture content 
The equilibrium moisture coment (EMC) concep1 used for 

wood producis can also be applied 10 concrete. The rnois­
ture contem (anass percent) of wood depends on I.he RI l and 
temperature of the air su,·rounding it. If wood remains in air 
long enough at a constant RM and temperarure., the moisture. 
content will also become constant at a value knQwn as 1he 
EMC. llrns. every combination of IU I and cemperantre has 
an associated EMC value chat increases with incteasing RH 
and dec.reasing lemperarure (Simpson 1998). 

Data (Simpson 199&) show how the E.MC of wood in 
outdoor locations vaJ'ies throughout the United States and 
worldwide .. As is the case for wood, the equilibrium mois-­
ture content for a concrete slab dl'ying while exposed to a 
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Fig. 3.5- '>oqJtidn ismhenns for se•·ert,I commo11 building 
material.-. (Srrtmbe 2000). 

high RH environment will not be the same as that for a slab 
in a low RH environment Figure 3.5 (Straube 2000) shows 
that if the :.wcrugc RH to which the concrete is exposed is 
above 80%. the moisture content will never fall belov-.• 2% 
(by mass). Similarly, if the a\'Crngc RH is below 40%. the 
moismrc content can rc-ach I% or lower. 

Test methods for measuring concrete moisture content a.s 
a perccnta,ge of concrete by mass arc sometimes specified. 
as ~re moisture-eon1eo1 cri1cria for de1ermining when tloor 
co,1eriogs cnn be placed. Some mtmutac1.urers require mois­
tore contentS ns low as 2 or 2.5% before a lloor covering 
can be applied. Such single mois1urc-conten1 criteria may 
1101 be appropria1e because ,,•hetber or no1 the concre1e 
reaches tJ1e specified moist0re conlent depeuds on lhC drying 
enviroument: 

(a) Exterior conditions (open building) 
(b) Interior cor1di1ioos (building is enclosed and the 

heating. vcritilatlon, or air conditioni,1g syslem is opera1ing) 

3.6-Drying and wetting of concrete 
3.6.1 Ads·o,ptlou and desorp1lo11 e.O'ectJ·- \Vhen conc,·ete 

dries. the moisture loss is referred 10 as desorption, and 
when ii is wene<l, the ,noisnire gaio is refen-ed 10 as aclsorp~ 
Lion. Figure J-.6.1 a (Powers and Orownyard 194 7) illu$tra1es 
a rypical drying rutd wetting (desotp1ion a11d adsorption) 
curve. In addition to showing Lhat the dryi11g and weuing 
curves do 1tOl follow the same path, Powers and Omwnyard 
( 1947) showed that there are different dl'ying and wetring 
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Fig. 3.6.Ja- ~;rpical drying (cles(>t7Hion) and welfing 
(tulw17JliQ1,) cun·es slrowfog that l>e/101,ior is di_fferent 
am/ thM concrete co1rwins a different moisture co,rteut al 
the same RH depending 0 11 whether it is drying ar welling 
(Powers and Bn>wnya,J /947). (Note: *C = 519 x ["F - 31).) 
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curves for concretes with differing wau:r-cement rnLios 
(w/c). cement content and composition. curing conditions. 
and age when dried or welted. 

A significant characteristic of the d1ying and wetting cycle 
is that mois1ure lost during the first drying (desorption) is 001 
completely replaced through we11ing (adsorption) exccpl a1 
very low RH (less thi:in 20%). Therefore. rnoisu.m: con1cn1 
on reweuing will be lower than lh!lt nwasured on drying if 
bo1h are measured at the same RH. Cxperimenls (Powerh 
and Brownyard I 947) show 1hm at 75% RH. lhe moisture 
contents of samples can dilfcr by 25% or more depending on 
,vhe1,her I.he moisture con1ent was measured during drying: 
or \\1Clliug:. 

Hedenblad (1997) and Kanare (2005) both showed tbal 
the nloisrure contents of concre1es with different wlc may 
be identical even though the measured i n1ernal RH vary. 
Cor1versely, al a f'ixe<l in1erm1I RM, 1he- moisture con1.en1 of 
diflerenl COOC(<l.0$ can vary (Fig. J.6.1 b). 

Lightweight concre1edryiogand wening curves exldbit the 
same behavior as nonnalweight concrc.tc ( l.andgrcn 1964). 
Simila,· to normalweight concrete. lightweight concrete will 
lose more water during drying than will l)e absorbed duri11g 
re,veuing_. There are., however, two significam differences fo 
the drying and wetting curves for lightweight co,1crete: I) 
the wate.r rerai11ed within the c.einent paste at nonnal ambient 
RH is small when c-0rnpated with 1he water absorbed by 
the aggregate: a.nd 2) for some lighrweight aggregates, the 
shape of the desorption and adsorption curves changei. due 
10 perrnanent weight chaoges that occur during drying and 
,,·euing. 

Moisture percentage by weight 
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Fig. 3.6.Jb- ldeali:ed wealng (adsorpllon) cunies illus­
trating that M rhe same moisture coutenl the concre1es wilJ 
have difj'err!III mea.tured internal relative humidity. Consider 
A. 8, and C 10 he coucretes with w/cm o/0.4, 0.5. and 0.7. 
rl'spective(v (Kanare 2005). 

Powers ,md Brownyord (1947) ond Hcdcnblod (1997) 
also illuslmted lhe effect of ~•lkali contcn1 on drying and 
welting cun·es, For concretes with similar mixture propor­
tions and the same moisttirc contcot, measured RH is lower 
in ooncrcte with a higher alkali con1ent Thus. the concrete 
with 1he higher alkali contcnl will dry 10 ~ given RH in a 
sho11er lime than will concre1e with a lower alk:1li content, 

Because (..'Oocre1es wi1h &he same moisum.: cont·en1 but 
diffcren1 degrees of alkalinity can produce differen1 values 
or RH, specilying one acceptable RH value for all concre1cs 
does not ensure 1h~1 all concretes will hnve reached the same 
moistun~ con1eot The critical RH varies depending on the 
1ype or concrete and i1s olkaliai1y () le<lenblad 1997). This 
varialioo may noi be impor1a11l when 1he-accept.a.blc internal 
RH is approximately 800/o because, at this RH, differences 
in 1uoisrure conte111 at di ffereut poj1Jts on the adsorption or 
desorption curves 1n:1y be slight It is also likely ll1at for 
lieJd concrete that goes lhrough weniog and drying cycles. 
the ac.rual moisture conte111 at 80% RII will iall somewhere. 
between 1he different values 011 the adsorption and deS-Orp-
1jon curves. If a single. but conservative, critical Rll is 
selected, it is likely that the desired rnoisrure col)le.1H will 

.).,l---+---+----1--- 1----f -,U"-p -... - , .. 
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Fig. 3.6. Jc- Ml!a.:mred soprtiou cm·~•e.1; for samples at 
difft?.n:mt ages. Note that the 365-day-old sample has appmx­
imate/y 50% more moisrure than 11,e 28-day-old sample at a 
RH rangef,-om 80 10 90% (Powers and Bronnya,rl /947). 
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be auaincd regardless of whether the concrcLc is drying or 
absorbing moisture when 1hc measurement is taken. 

One imporlanl factor in 1hc bebuvior of c-0ncre1e during 
drying and welting is oflcn overlooked. Hedcnbl:ad ( 1997) 
states. •·The drying limes given cannot be u6ed in drying 001 

concrete after water damage. The reason for 1his is that old 
and motur¢ concrete has differcn1 drying propcr1ies from 
those of younger concrete," 

Figure 3.6. lc (Powers and Brownyard 1947) iUusinH.es 
measured weuing (adsorption) curves for samples of 
differcrJl ages. The 365-day--Old sample has approximately 
50% more water in iL a11he imp0rtao1 RH rangeof80 10 90% 
1h•n 1he 28-d•y-old sample. lledenbl,,d (1993) and Sopre­
nan, nnd Malisch ( 1999b) show 1ha1 lhe drying time required 
for mature concrete 10 reach a given moisture st.ate can be 
1wice as long as ror young concrete. If concre1e on a project 
is exposed 10 high outdoor R 11 for a year before the project 
1s enclosed and 1he heating. \fentila1ing. and air-conditioning 
(HVAC) system js turned on. 1har concrele will no1 dry as 
quickly as it would have if drying had Started wiLhin 1he fo-s1 
month after the concrere. was placed. 

K1lowing t.hai older co11cre1e dries more slowly .night 
provide a benel' unrlers1anding of why c.oncreLe in the field 
does not always dry as quickly as expected. h might a lso 
justify added expense for protecting the C-(>11crete from mois• 
rure before it ages. 

3.6.2 Ej]'ec1 of s,1rpl/Q11 hysteresis t)u te~•aing-t'V1ost test 
criteria are esmblished in the labormol'y on lhe d1ying curve. 
For instance. some manufacn,rers of moisrure meters cali­
brace their device on concrete cube$. As the co11crece cube 
dries, Lhe mecer is U$ed to obtain a surface reading, and 
1hen the cube is weighed. 111Us, tlle moisture meter is cali­
brated on the. drying curve, relating the. meter reading to the 
moisture contem of the cube. Calibrating the meter surface 
reading after wetting the cube provides a differem calibra­
tion CUJ'VC. 

3.6.3 Reweuiug of co,,cro1e-Conc.rete placed in the field 
is often subject to surface wetting due to curing by adding 
water, sawcunin_g or grinding with water, rain, or cleaning 

V a por,emh1slo" ra.te vs. t im e 

Fig. 3.6.3- Even with a low w/cm and t, 3-tlay cure under 
plu.litic :~!teellng, these slahs l<)Qk appro:rimate~y 7 week~· I<> 
d,y to a 3 //,/ 1//()0 f r'/24 h ( 1.5 kg/100 m'l 24 h) tml.«/011 raJe. 
After rewelling, 1/te slabs 100k se'\--e,.al weeks IQ again reach 
the 3 /h/ /00() jl'/24 h (/.5 kg/I/)() m-'/24 /,) e111 /.<.<io11 rtue 
(Suprenant and !i1alisd, 1998c). (Nole: I in. = 25.4 mm: 
°F = f{°F - 32)11.S} °C.) 

with waler, Thccffec1 of repealed welting on the lime re<1uircd 
lo reach ::1 given mois1ure vapor emission nlle is shown in 
Fig. 3.6.3 (Suprcnanl nnd Malisch 1998c). The iovcstig,,tors 
simulated two separate na.in.s, theo measured the moisture 
vsp0r emissions from lhe concrete surfoce using c.ilcium 
chloride lCSts. As expected. concre1e absorbs moisu.irc when 
wetted and 1hen wkcs time (somc1imcs several weeks) 10 dry 
10 the MYER it had renched before du: wcUing. The drying 
1i1ne needed to reach a given MVER is thus extended each 
time ,he concrele is wcued. 

3.7- Moisture loss during drying 
Concretes used in Hoor constn1ction commonly hove a 

water/cementilious materials nuio (w/cm) of approximately 
0.50 (ACI 302.IR). Approximately 24 lb ( II kg) of waier 
is needed 10 hydra1e I 00 lb (45 kg) of por~and e<mcnc 
111.is noneva))OrnbJe water is chemically combined in the 
hydraiion reactions. Approximn1ely 18 lb (8.2 kg) of water 
for eve')• 100 lb (45 kg) of portland cen1en1 is held in gel 
pores-,1he. very small pores of cemen1 hydration produclS 
(calcium-silicate hydrates)-and adS-OrbOO on their surfaces. 
Larger capillary JX)re"S contain remnants of mixi,1g water 110c 
consumed by hydration or adsori>ed on hydration pn,)(fuc.cs. 
The capillary water evaporates litSt, followed by water in 
1he gel pores. 

lt'all the cement hydrated in a cubic yard (cubic meter) of 
concrere co,uaining (l()O lb (356 kg) of cernent and 300 lb 
( 178 kg) of mixing wa1er, approximately 48 lb (28 kg) of 
water, or approximately 16% of the mixing water, would be 
pre.sent in the capillal'y pores (Mtndess and Young 1981). 
Based on Brewe,· ( 1965), Suprenam and Malisch (1998c) 
calculated the amoun1 of water lost by concrete with a 
wlcm of0.50 in reaching the commooly specified moismre­
cmission ra,e of 3 lb/ lOOO ft'/24 h (1.5 kg/lOO m2/24 h). 
TI1e watel' loss was calculated as approximately 19% of the 
mixing wate.r, slightly higher than the 16% 1hat would be 
held in the. capillary pores assuming complete hydration. 

For a 4 in. ( 100 mm) thick slab, the concrete needs to lose 
approximately 0.6 lb/fl' (2. 9 kg/m') of warer 10 be suffi­
ciently dry before placing a floor covering (Suprenant and 
Malisch 1998c). 01hers (Hamman 1995; Kercheval 1999) 
have indicated that two to three times more water than shown 
by Bre\ver1s ( 1965) experiments should be lost from the 
slab. Their analyses involve. incorrect assumptions regarding 
how much water chemically combines with c.ement and how 
much is adsorbed in the gel pores. 

CHAPTER 4-CONCRET E MOISTURE TESTING 

4.1-lntroduction 
To provide warranties. the manufacturers of most types of 

ftooring materials require. moisture testing, Project spccifica• 
tjons should describe required tests or refer lo floor covering 
installation instructions, The following issues, howc.vcr, 
should be addressed: 

(a) Standard lcsl method, if applicable 
(b) Acceptable teSI methods 
(c) Frequency and location of testing 
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(d) Environment (before and during the tesl) 
(e) Surface preparation, ir applicable 
(f) RcspOnsiblc testing pany 
(g) AcccpUlnce criteria 
(h) lnlerprc-t::ltion of results 

4.2- Standard guides and test methods 
The ct1rn.:n1 ASTM standard guides and 1es1 methods for 

moisture testing of concrete slabs an:: 
(a) ASTM 04263- Staodard Tes1 Melhod for Indicating 

Moiswre in Concre1e by the Plastic Sheet Method 
(b) ASTM F 1869-SIJlndard Tes, Me1hoo for Measuring 

Moisture Vapor Emission Rate of Concrete SubHoor Using 
Anhydrous Calcium Chloride 

(c) ;\STM F2170-Standard Test Method for Oe1er­
mining Rela1ive. llumidity in Concrete Floor Slabs Using in 
si1u Probes 

(d) AST\•I F2659- S1andard Guide for Preliminary iz,•a l­
umion or Con1pamtive Moisture Co11di1ion of Concrete, 
Gypsum Cement at1d Other Floor Slabs and Screeds Using a 
Non-Dest,·uctive E1ec.1ronic Moisn1re Merer 

Moisrure tests required by project specificmions or manu­
facturer's recornmendatioos are rypically those fouf\d 11) 
1he aforeine.mioned ASTM staodards. Occasio11ally, tes1 
rnethods used in Em'Ope.are included as well. 

4.3- 0ualltatlve and quantitatlve tests 
4.J. I l11tn)ductirm- Testing method~ used to evaluate the 

moisture condition of concrete slabs include both qualita­
tive and quanutative pl'ocedures. Qualitative tests provide a 
genernl indication of moisture conditions, but do not give 
a quantitative measure of the amoum of moisture. Quan­
titative tesL~ provide a measured numerical value for the 
moisture condition, bur not nece.~rily the moisture content 
by mass. Qualitative and quantitative procedures listed in 
ASTM f7 IO are as follows: 

QualHarh'c 
(t$tS Qn11nlilnti\·i· 11:$-1.s 

Plas1ic lihccl ICSI Es...-clric.'11 ti.--SiSlatl~'C ICS1 (No ASTM Sla:Od :url I~ ,n •• '1hod} 
tASTM 0426J) l!Jootncal 1mpcdunce 1ci;t (ASTM 1-2659) 
M.at bond 1cs1 Calcium ~~h!Ot'id.: tc:u (AS7M f 1869) 

(AS'rM F33 In Coocri;tc rdllll\~ bwmd1t)' tcst (r-\STM Fll 70) 

'While no1 currently listed io ASTM F710, a quantitative 
c.a.lchtm carbide 1es1 method used in Europe is occasio11t1lly 
specified i_n the Uni1.e(( States. 

4.3.2 PfaSlic sheei te..<1-ASTM 04263 and ASTM F710 
describe this test procedure as fo llows. Using 2 in. (SI ,tun) 
wide due, tape. an 18 in. (460 rnm) square transpa,·em poly­
ethylene shee1. at least 4 mils (O. lO ,run) tl_lic.k. is taped 
tightly 10 1he concrete surface; all edges shou1d be sealed. 
The plastic sheet should remain in place for a rninimmn of 
16 hours, after which the plastic is removed~ che unde.rside 
of the sheer and 1he cot'lcrete sul'face should theo be visually 
inspected fol' the presenc,e of moisture. Fingers should be 
wiped acros..1 the undeN:ide of the sheet l)r along the concrete 
surface m feel any moisture. Moisture on the concrele 

surface causes the surface to feel cooler. and often results in 
a darker surface color (Fig. 4J.2a). 

Another option is to use a moisture meter to check mois­
lurc at I.he surface of the slab before and after covering the 
slab surface with a plastic sheet for an extended period. 

The plastic sheet test. has been used for more than 50 years. 
However, the test has two limitations: 

(a) Leaving the shce1 in place for 16 hours does not 
provide enough time for the lcsl to reflccl the result of mois­
t.un; movemcnl from the bottom to the lop of the slab. Thus, 
i1 indicates only whal is happening at 1he surface a1 1hat point 
in lime, 

(b) Moisture under the plastic sbeel may be more related 
10 moisture coodensa1ion due 10 the slab surface being at 
the dew-p0in1 temperature rather than being related to 
moisture.: Oow. 

Fig, 4.3.2n-Wl"m mofa·tr,n! is pn•sem afle,. she plastic sheet 
test hn.r been co11duc1ed, the smj(,ce feelJ· cooler and is o.fien 
a darker color (Ka11ar, 2005), 

Fig. 4.3.21>-Eveu tltouglt plastic shee, lf!Sls can show 110 

evidence of moisture. calcium chloride tesU; conducted on 
adjacent coucre1e can indicate moisture w1por emission 
ra,es as high as /3 lb/1000 Jt1l14 h (6.3 kg//01) m1l 24 /,) 
(S11prena111 2/IOJb; Ka11are 2005). 
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F;g. 4.3.3-.~lal test pe,formed on sample (photo courtesy 
oJS. Tarr/. 

Figure4.3.2b shows cwo plasLic shee1 lests being conduc1ed 
beside a calcium c.hforide les1 for comparison testing. Plastic. 
shee1 tc-.sts c:an show llO eviderlc.e of moisLUre, while calcium 
chl<wide 1es1s co,1ducted adjac.e,u ro the sheelS measure 
emissions as high as 13 lb/ I 000 ft2l24 h (6.3 kg/JOO m2/24 h) 
(Suprenant 200Jb). Although the ,,mctice may still be cecog,­
nized by some manufacml'el'S. dte plastic sheet test doe-; not 
give a reliable indication of the floor moisture condition 
(Kaoare 2005; Suprenant 2003b). 

4.J.3 Mat bond e 1·t1lua1ion resu·- ht addition to a qua1Ui• 
tative moii;ture test. some manufacturers also recommend a 
mat test (fig. 4.3.3), as described in ASTrvt F33 I I. Using the. 
specified adhesive and floor covering, a 2 t\ (6 LO mm) square 
sa.,nple is applied ro the concrete floor using the manufac­
turer·s recommended surface 1>rcpararion and installation 
procedure. The perimeter of each flooring sample is sealed 
using 2 in. (51 mm) wide duct tape. After the specified 
curing time has elapsed, both visual and physical testing are 
performed. If tlle adhesive is still wet, or very soft, that may 
indicate. that lhe substrate is eitJier too wet, non.absorptive, 
or a contaminant is present. If the floor covering is finnly 
bonded and removal of the covering wirh a putty knife or 
scraper reveals good adhesion, the substrate condition and 
preparation procedure may be. considere.d acc.eptable. 

While this test is not the definitive moisture tc..c;t, it is a 
good method for evaluating concrete surface preparation 
and lhc \\o'Orker's installation procedure. Because of this, 
it is advantageous to specify a mat test a.long with a more 
definitive moisture test. Just as with the plastic sheet test 
(ASTM 04263). tlte mat tesl c,in falsely indicate that the 
floor is ready for covering but will not fa lsely indicate that 
the floor is nol rc.ady for covering. If the mat is not well 
adhered► the floor moisture condition or surface preparation 
is problematic. 

4.3.4 Moisture meters-Electrical resistance and imped· 
ancc meters (Fig. 4.3.4) arc used to measure moisture in 
concrete. Electrical resistance relates the moisture content to 
the measured electrical conductivity of concrete between the 
sensing pins or probes. Electrical impedance (ASTM f2659) 
relates the moisture content to the measured electrical AC 

IUS 

Fig. 4.3.4- Electrical resisumce and impedance moiswre 
meters (phmo counesy ofS. Tarr). 

impcd:mcc. Electrical impedance meters measure moisture 
in concrete to a depth of approximately I in. (25 mm). 

Electrical impedance meters can be useful for making a 
quick survey (similar to using a rebound hammer on concrete 
as described in ASTM C805/C80SM) to determine where to 
place quan1i1:;11ivc moislurc tests. They can also be used lo 
dc1cnnine whet.her moisture problems are occurring arouad 
lhe perimc1.cr or the lloor or tat the locaiion or btiried pipes 
1h:u may be leaking. \Vhite pin-1ype mc1ers f1re11'1 1ypically 
used, some 1mderfaymen1 manufac1urers require 1heir use to 
de1ermine the mois1ure conditioo of 1hei,r produc1s. 

Mojs1urc ,neu~rs are calibrmed by the n1anufacturcr and 
should be checked by 1he. user. Check 1he manufocmrer's 
calibrmion procedures 1hat accompany the meter. Ahhough 
the moisture meters read only 10 a deplh of approximmcly 
I in. (25 mm). c.alibration curves may be developed by 
triking readings on, and simulianeo1.1sly weighing, sal'nples 
that are thicker than 1 in. (25 nun). The moisture contenc 
detennintXI by weighing 1he-sample is ao average Lhroughout 
Lhe full sample thic.kness, so it may vary significantly with a 
sample thickness. Thlls, a I in. (25 mm) 1hick sample could 
1>roduce a me[er calibration curve that di ffered significantly 
from a curve for a 6 irl. ( 150 mm) dlick sample. 

4.3.5 Calt:wm chloride U?S/.\"- llle test kil for 1he quanti­
tmjve. calc.iuin chloride test (ASTM Fl 869) consists of: 

(a) A plas1ic dish containing I 6 g (0.56 oz) ± I g (0.035 oz) 
of anhydrous cakimn chloride and covered with a lid that 
can be sealed arou,td the circumference with pressure.sensi­
tive tape 1hat does not absorb moisture. or a mechanical seal 
provided by a screw top or snap lid 

(b) A flanged transparent 1>lastic cover that has a prefonned 
sealam strip attached to the flanges (fig. 4.3.Sa and 4.3.5h) 

1·0 conduct tlle test, the surfuce is fil'st prepared by lightly 
grinding to remove all foreign substances (Fig. 4.3.5c) and 
to produce a surface profile. equal to lCRl concrete surface 
profiles CSP I to CSP2 (Fig. 4.3.5d). Tite dish, calcium chlo­
ride, lid. and tape are weighed 10 lhe neares1 0.1 g (0.004 oz). 
Tile starting weight. time, date. test locarfon, and name of 
the person perfonning the test are recorded. The. dish is 
then opened and placed on the prepared concrete surface. 
·n le plastic cover is placed over the dish and fastened. to the 
concrete surfac.e using t.he preformed sealant tape attached 
to the Ranges. After 60 to 72 hours, a cut is made around the 
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• 

c , 1 no:--.: .. - ,.,._, 

Mol~■r.-T...,~ Kil __ ,_,_ .... 

Fig, -1.3.Sa-Typic:al calcium chloride test kit for measwing 
mo;srurc vapor emission rates (photocourtesyo/C. A4cCall). 

Fig. 4.J 5b-Moisture w,por emission te.rts used to deter­
mine precision an,/ bias statC'meut (Supn,nant and ,'-'laliscJ, 
20000). 

plas1ic covr.:r. and 1hc dish is removed. The lid is replaced. 
auached \Vith the pressure•sensitive cape. tmd chc sealed 
dish is weighed again. The MVER is ci11cu1ated based on 
1he increased weigh1 or the calcium chloride. 1es1 1ime. and 
surface area inside tlte pltLSlic cover. 

lf 1he plas1ic cover is not 1igh1Jy sealed 1.0 the concre1e1 1be 
final rC$uh wilJ ool be valid. To check for An ad1X1uai.e seal. 
the 1.op of 1he cover can be pushed down. lf 1he sea.I is 1igh1, 
no air will be beard escaping from under the dome and 1he 
cover will pop back l1p. Jf'lhe seal is broken.air can be he,ard 
escaping and the cover will 001 rt:1um 10 itS original position. 
Some testers use 2 in. (51 nun) wide duct lape-10 seal around 
1he flanges ro ensure an adequate seal. 

Because calcium chloride MVER rt':$l1lts are affected by 
ambiem lemperau1re and relative humidity {R 11), record 
bot.h these measurements a1 least aL the s1a1·1 a11d comple1ion 
of testing ro enhance the interpretatioo of the 1e.st results. 
Dara logging of ambient conditions lhroughou1 the ,est 
period is he.lpful in de1ecting c.ha1"1ges that may havt: taken 
place between the stal't.ing and ending time. 

4.J.6 C.011cre1e RN te.u - To perform te~as In accordance 
with ASTM F2170, an RM sensing probe {Fig. 4.J.6a) is 

Fig. 4.3.5c-Smj0ce prepuralion using grinder be/Ore 
fostalling a m()iSture 1·apor emission test (ph010 t.'(mrtes:v of 
P. Cralg). 

inserted into a lined hole drilled into the concrete. Holes 
arc drilled to the required depth using a rot.1ry hammer drill 
with a carbide•tippcd driJI bit. For slabs drying.from one side 
only. the hole depth s hould be 40% of die slab thickness. 
For slabs drying from both sides {suspended concrete slabs 
not on metal decks), the hole depth should be 20% of the 
s lab thickness. A depth gauge is useful for delcrmining the 
correct deplh. 

The holes arc drilled dry, bms hed. vacuumed. and a small• 
diameter nozzle used to vacuum the bottom of the drilled 
hole. A ribbed hole liner, intended lO isolate the measure• 
mcnt to the bottom of lhc drilled hole. is inserted and a 
cap or stopper placed al the top of the liner. Cun cnlly. an 
RH measuremenl is mode after allowing 24 hours for the 
air in the hole 10 achieve equilibrium wilh the concrete at 
the 1::1rgc1 <lcplh. To mRkc u measuremen1. 1he liner cap is 
removed and the RH probe inserted. The probe is connected 
to the me1cr and 1he sensor clement of the probe allowed 
sufl'icient lime 10 reach RH equilibrhun wi1h 1hc capLured air 
at 1he bollom of 1he hole {Fig. 4.3.6n and 4.3.6b). The time 
required 10 reach equHibrium depends on the type of iostru• 
mcot. condition o rtJ)e conc.rete, and temperature s1ability. In 
mos1 cases. after inserting the probe. a minimum of I hour is 
necessary 10 reach a me.asuren'len1 where no more 1han 1 % 
driti in 5 minutes has occurred. The sensor rneMures RJ I LO 
the nearest 1% and me.asures the 1emperarure in tJ1e hole. 

While not curTently described in ASTt\·1 F'2170. many 
re.sting technicians have historically installed probes f'or the 
en1ire test pe-riod to elin'linate the-wailing period. 
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ICRI Concrete Surface Profiles (CSP) 

CSP6 CSP7 

Fig. 4.3.5d-JCR/ concn•re surface profiles. 

Fig. 4.J.6(.t- Rf/ 11u:as1m.m1e111 in ajl()<)r slab (phor<> r;.:Qur-
11!.))I of P. Cralg). 

4.4-Test parameters 
4.4.1 rest ji-eq11e,,~1~ ASTM D4263, f I R69. f2 I 70, and 

F2659 a11 state tl1e requil'ed number of tests. 7'he. required 
number of Les1s is as foltows: 

(a) ASTM 04263 (plastic sheet test) l'equires one test :1..rea 
per 500 ft2 (46 m2) of surface area, or po,·tion thereof. unless 
otherwise specified. 

(b) AS'rM F1869 (calcium chloride 1est) says lo use the 
following guidelines h) detenn.ine the munber of test loca~ 
tions to be used simultaneously: three test locations for 
areas up to I 000 ft? (93 m2) . and one add1tiona.l test for each 
I 000 ft' (93 111') or fraction thereof. 

CSP8 

LJn.velli:ed site 
benea1h carpel !lie 

CSP9 

Site# 5 

-' -i--

<All!f <AUIIOH CMITIO!I 

CSP10 

-

Fig. 4.3.6b-RJ f measurements being 1nke11 in a ve11ted rm!.fl 

(110 floor co1'erl11g). a11d an rmv,mled area (covered by c.nrpet 
tlfe) using equlpmenl described fo ASTA! F2 l70 {pholO 
cow·tesy o/P. Cra.ig). 

(c)AS'rM f2170 (concrete relallve humidiiy 1est) says 10 
perfomi three 1est< for the first I 000 ti' (93 m2), and a1 least 
one additional test for each additional I 000 ft' (93 m"). 

(d) ASTM F2659 (electronic 111e1er test) says to perform 
eight tests for the fi rst I 000 tl1 (93 111~), and five te-sts for each 
additional IOOO ft' (93 m' ). 'rhe 1es1 mc1hod also says ihat 
numerous measuremems are to be taken in close proximity 
to one another such as three to five readings within an area 
of I ft' (929 cm') al each loca1ion. 

Meeting the ASThf 1cst frequency requirements for a 
100.000 ft' (9290 m') floor using ASTM Fl869 or F2170 
would require instal.ling 102 tests. The rationale for this is 
that a IO yd3 (7.6 m3) truckload of concrete covers approxi~ 
rnatcly 800 ft' (74 m' ) of o 4 in. ( I 00 mm) !hick floor. 
Thus. testing every tmckload requires a moisture test every 
I 000 fl2 (93 m' ). 

The testing perfonncd on many projects docs not comply 
with the ASTM tc.--St frequency requirements typically called 
for cilhcr directly, or by reference. in the project spccifica• 
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,ions. A practicaJ ~•pproach thal is being used on many proj­
ects is to firs1 1>crfom1 a lesser fr<.-qucncy of 1cs1s to trac-k 
the drying progrc.;ss of 1he slobs. If 1hcse pilot tests reach an 
acceptable level. the full frequency of tcsis should then be 
performed to conform 10 the ASTM requirement. 

Conducting numerous 1es1s does JlOt guuran1cc an accept­
able concre,e moisture condition for floor coverings. A 
thorough understanding or whlll each or 1he tests tactually 
measures, ::dong wilb knowledgeable interpreta1ion or 1he 
1est resulls. is more heJpful than c-onduc1ing a large number 
of tests. A s1i11i:;1ical sampling approach ror c:valuming the 
in-pJac.c mois1ure level would be preCCmble LO speci fyiag :1 

1est frequency based on having a test tha1 attempts lO repre­
seul every 1ruck.load of coacrete. 

4.4.2 Test /ocntion-Choosi.ng 1hc proper test locations 
is impor1ant. ASTM f 1869 prO\'ides che fo llowing advic-e: 
"Wheo conducting moisrure- emission tests, the 1e,,s1 units 
should no1 be concentrated in an are.a but shall be located 
irl various pares of the noor area. Tests shall be placed using 
the 1esti11g agen1 's judgment to represent areas of pote1nial 
c-0ncem including the perimeter and cerlll!r ot1he floor area". 

Moisrure me.ters c.an be used 10 quickly locau! areas where 
pou:.nlially high inoisture is present and furthel' test ing is 
,va,·ramed. The meters can be used to quickly survey rnMy 
test locations aud check dfffc.re,u concrete placemems such 
as alongjoints, near exterior walls, near warer and drain lines 
ui1der the slab. and other areas of fk)tentially high moii;rul'e. 

4.4.3 Te/;/ envimnmeut- T he test e.nvil'onmem is very 
i1nportant and especially so for tests that evaluate the 
concre.te surface moisture condiriorl. For surf.-.ce moisture 
tests, such as the calcium chlorlde test. if 1he environmeot 
does nm reflect nonnal operating condiiions when the 
building is in service, the results will nor accurately re flect 
the in-service moisn,re condition of the slab. If the normal 
operating conditions are not known, maintaining a tempera­
rure of 65 to 85' F ( I 8 10 29' C) and an RH of 40 to 60% 
is needed for at least 48 hours before staning the test and 
throughout the test duration (ASTM F1869). 

ASTM Fi869, 1'2170, and F2659, all indicate what is 
considered an appropriate test environment To allow for lhe 
meaningful interpretation of test results, the environmental 
conditions at least at the be.ginning and end of any type of 
moisture test should be reported➔ 

Testing personnel and floor covering installers are often 
asked to test a concrete slab in an environment that is not 
approprime for the test As those performing moisture tests 
seldom have control over the environmem, they should rely 
on the general conrractor or constniction manager to under• 
stand the need to provide a suitable environment for testing. 
The specifier should notify the general contractor of the need 
tbr an appropriate environment during moisture testing, and 
thus allow that activity to be included in the bid (Consuuc• 
tion Specifications lns,inuc 2000). 

4.4.4 S11r}Oc(• preparation-The plastic sheet test, mat 
test. and calcium chloride test results can be affected by the 
surface preparation. Coatings, curing compounds, finishes, 
or other substances (such as oil or wax from spills or 
sweeping compound) can affect the rate ofmois1ure dissipa-

tion and the adhesion of the .finishes. ASTM F 1869 requires 
that for each test • 20 x 20 in. (508 x 508 mm) arc• of 
concrete surfocc be lightly ground 10 remove :my substance 
on the concrete surface thi1t could impede Lhe free emjssion 
of moisture from Lhe conc-retc. When curing compounds or 
residual adhesive from a previous Ooori,,g ins1alfot-ion is 
prc.scnl. wait a minimum of 24 hours nlier surface prepara­
lioo before installing th¢ 1es1 kils, lfthe surface has no1 been 
previously covered for a, least 30 days. i1 is acceptable to 

install 1he 1est kits immediMely following surface prepara­
tion. Clu:cking to sc:e if waler dropS bead on the surltlcc is 
I.he mos1 rrequenlly used field 1cs110 check for comi.ngs and 
to detennine whe1her Lhe surfac-e prepannjon is adequa1e. 
Water beads on surfaces ihat have coatin~ but is absorbed 
on porous open concrete surfaces such as those produced by 
grinding or shotbltLSl.ing. 

4.4.S Responsible restb,g party-The lloor covering_ 
instaUer has 1raditionally been resp<>osible for takfog mojs­
rure tes1s :ind <letennining \l>'heo 1he c-0ncrete slab is ready 
lO receive a 11oor covering. The insiallt r may not always 
forward these re-suits lO the geoeral contrac1or or constmc-
1ion rnanager, who may 1101 always forward 1he test results ro 
the design team. This is a c.ruc.ial checkpoin1 in 1he. decision­
making proces..,;. and all parties should be aware of the test 
results. When the floor has not re.ached che desired rnoisnire 
condition, the const1'Uc1ion schedule is impacted by furdler 
waiting. Failing to wai1 may resuh in a flooriog fa ilure. 
Becau~ all parLics are likely tO he involved in a dispute if 
there is a moisture-related ftool'ing fai lure. ii is best m notify 
all panies of the moismre test results. 

It has been recommended tllat a qualified independem 
te.,;ting agency perform the moisture tests mthe.r thil.n 1he 
floor covering installer (World Flool'rng Covering Associa­
tfon 200 I ) becarn;e: 

(a) An independent paity prnvide-s an unbiased tesr resuh. 
(b) An independent, certified moisture testing lechni­

cian is. t)'pic-.ally more ex~)erienced in following ASTM test 
standards. 

(c) rest repons from an independent testing company are 
more likely to be distributed 10 all panies, so a ll parties c.an 
consider the ramili.c.ations of the. results. 

The testing company should not be made responsible for 
the decision to place or not place the flooring based on the 
moisrure test Typically. tesling companies are prohibited b)' 
the project specifications and their contrac1 from making any 
interpre.tations or decisions regarding the me.aning of a 1est 
result. and do not have the authority co accept or reject work. 

When the project specifications. require an indcpen• 
dent le-sting agency to perform moisture tests, the flooring 
installer may also want to pcrfonn some tests as a quality• 
control check. 1f a moisture•related floor covering failure 
occurs, the ramifications for the flooring installers arc such 
that it is pnident for them to have their own test results. Some 
general contractors arc learning to perform moisture tests 
themselves, in pa1t because they arc on the site throughout 
the entire constmetion process and can control the building 
environment during the testing. 
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Table 4.4.6a- Typlcal limits for moisture vapor 
emission test (Resilient Floor Covering Institute 
2022) 

Moislu rt· n 1p<1 r r-mil.sion r11 h• floor wv~ring mattri•ls 

Vinyl <:omposioon tile 
S lbHOOO 1)!124 h 

(2.4 kil l()() m1/24 h) 
Fch•backcd resilkm llhect flooring 

60'/4 RII 
1\,roo.~..l).,cl'~d C:lrp<!I 

Linokum 

Solid vinyl shcec flooring 
3 lb/1000 1)?n4 h Vinyl-b:-.ek<:d ca.r1:,et 

( I.Skg/100 nrl l.4 h) NQ4'lp(.ll'OU.s-b:u;k1.:d 1:arp~"C 
7S% RH COfl: 

Oire,;:1 gloo-down (loonng 

S lb/1000 l'r/l4 b 
Modular floating n_gid core. floors 

(l.6 kg/100 m:/14 h) 
3$% lUI 

(plank and ti l e) 

.. 
No1t: For mo1J1~ lcvcb nl.,,;,w l.hcsc hm1ts,choc:k \\·nh 1hr m.vn,f.,c,urtt ror •1)1.'C1hii: 
f().Xlil)n)ro(.1110IJOS 

Table 4.4.61>-Maximum value of relative humidity 
in concrete (Finnish SisaRYL 2013) 

Maximum 
ttlatiw 

h 11midily, 11/4 V'lo()r c.on:ring ,,,1,1.;,.riul 

Pl:ls1i~ tiles 
90 Plas1ic carpel with no felt oc cellular plastic base 

Li 11◊IC\uO 
--

Plastic e11rpct wilh feh or cclhdar plas1ic base 
R.ubbcrizOO 1:;1rpe1 

85 Cork lilc wi1h plasrie film banict 
rc.x11Jc c:;upci w11h rubb(:r, PVC, or m~r-lluc.x c:ooled 

Tl!Xtilc earpet m3dc of Rlltural fibers 

so M~ic JXlrquct on c-oocre1c 

60 
P11rqoct OOQrd wuti no plll.$11c 61m bc:twc:co wood and 

COOCl'i.'1C 

lt is now possible for project specifications ,o also 
include lhc requirement that moisture lcsting be performed 
by an independent. ICRI. Grade I , Certified Moisture 
Tcs,ing Technician. 

4.4.6 Acceptance crileria- Tablcs 4,4,6a through 4,4,6c 
show lypical acceptance criteria based on different test 
methods. A number of Hoor covering manufoclurcrs were 
surveyed in un aucmpt to dctcnninc the origins of tile accep­
tance criteria for moisture vapor emission rate (MYER) 
(Craig 2003). The sclcclion of an emission rate of 3 to 
5 lb/ I 000 ft2/24 h (1.5 to 2.4 kg/ I 00 m2/24 h) appears to have 
been based on historical <.1bsen•ations and field experience. 
No laboratory data from a Hoor covering or adhesive manu­
focturer was presented a1 the time to establish the basis for 
1hc 3 or S lb/ I 000 fi2124 h ( 1.5 or 2.4 kg/I 00 m2/24 h) iimilS. 

Laboratory 1cs1ing (Suprcnan1 and Mali:.,,ch 1999a) hi1s 
shown cha1 cbe adhesive Slrcngth decreases wilh ;m increase 
in lbe ooncre1e•s MVER. When 1hese les1s were conducted . 
however. 1bete were no criteria for acceptable bond strength. 
and scauer in 1he 1es1 resuhs did 1101 indicate a clear dividing 
line be1wcen accep1able and nonacceptablc adh,~ive 
bond strength, 

Table 4.4.6c- Recommended moisture contents 
for subfioors for use with wood flooring (Sika 
2003) 

Moistutt conttni SubHoor mal('1·ial 

M11~1mwn 2.5% <.:oncreic floor w1tb°'11 m-Boor h~.itin!!, 

Maximum IS% C()Jl(;re1e lloor with in ,!loor l~a1in3 

Maximum 0.5% Gypsum floor wichoot in-Hoot heal in& . 
Maximum 0.3% Gypsum floor "''ith in-floor hc:uini; 

-
Field experience and research .studies (ASTf\•t Committee 

f06 study) luwc found that reaching a concrete internal 
RH of 75% within the schcdu)c of many construction proj­
ects may nol be possible. Many floor covering systems do 
1101 require that the concrete in-place RH level be as low 
as 75%. Careful review and consideration of lhc product 
manufacturer's moisture level rcquircmcms. the project 
schedule. and the additional costs that may be required if 
these requirements arc not achieved ( that is, moisture mill· 
gation treatments) should be part of lhc projcec review ;md 
specification process. 

The Concrete Socic1y (2004) reponed on 1cs1i ng 1biat 
attempted to correla1e moisture in the concrc1c with Hoor 
covering perfom1ancc aad concluded 1ha1: "The evidence 
pre.sealed sugges1s th.al 1herc is no relationship between the 
rcla1ivc humi<.Uty of ti concrc:1.c b,1se or screed imd f1dhcsion 
or resilieot Boor coverings,., 

While moisture criteria are ofi.Cll used, the relationship 
belween 1hese criteria and Roor covering performance is not 
well unders1ood. 

4.4. 7 Using multiple 1es1 me1hods-Mos1 project spcci(i­
cmions n..x1uire 1ha1 the flooring manufacturer's rec-0mmen­
da1ioos fOr 1noisrure 1esLi.og be rollowed. In many cases. 
noori,ng n\:)n\1t'acrurers require tha1 ooJy one specific type 
or nioisuire tes1 be performed. or the requirement is stated 
as an OpliOn between l<Sling the MYER (ASTM F 186'1) 
and concrete in1er11al RH (ASTM Fl l 70). More lhan ooe 
moislure test rne1hod ,m,y be needed 10 accura1eJy detenni1'le 
the moisture-relate,d suitability of a c-0ncre.te subfloor, along 
with a 1horough ur,derstandi.ng of 1he slab design sys1e1n. 
Using multiple test methods, however. c.an result in poten­
tial conllicts when accepiable results are n."(;orded wit.hone 
Ll!.Sl method but no1 wi1h the other. For instance. the conc.rete 
inte!'nal RH 1ests may record an ac.ceptable level when the 
MVER tests do not, ot v ice versa. When multiple ccsts are 
specified, the govenling criteria for acc.ep1ance should be 
cleal'ly defhied. To ensure a relinhte tlooting iostallation, 
inte-l'pre101ion of test resulrs requires a thorough under­
standing of the test methods, their limita1ions. and the slab 
design system. 

4.4.8 Modified s11tface 1es1ing-lnstead of measuring 
surface moisture in a state that does nOl reflect the actual 
condition t.hat the flooring materials will be exposed to, 
some moisture testing specialists µrecover the prepared 
test areas with a low-penne.ance material such as poly• or 
rubber-backed carpet tile for a mimmum period of 2 weeks 
prior to testing. Precovering the test sites simulates the effecc 
of the floor covering being installed and allows a more accu• 
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rate estimation of the moisture condition lo which the floor 
covcriflg will be exposed when it is installed. When pn:.-cov­
cring is performed, it is lmporumt to achieve and maintain 
unifonu contact of the plastic sheet or carpc.:1 tile wi1h lhc 
concrete surface. 

4.4.9 Tes1i11g will, 110 wiper rew,rler directly under 
co,icrete-For any moisture test, the acceptable mois1ure 
condition is based on the; assumption l11a1 no wa1er (mois­
llire) enters the slab from 1he bouom. Even if moisture 1es1ing: 
results in values thaL arc considered accepmble, these levels 
will increase over time if moisture is no1 prevented from 
cnrering the slab from below. For iosumce. 1cs1.s hA,1¢ shown 
thiu, for slabs dryi.ng OCLly from the 1op, RJ-1 measured a1 a 
depth equal 10 40% of the slab thickness is approximalcly 1he 
same as 1he equi librium RI-I auained atler 1he lloor covering 
is ins1alled (lledc•lb1ad 1997). This isn'l 1h~ case ir wmer 
is entering 1he slab from 1he-bottom, so a vapor retarder is 
needed direc1ly benecuh the slab. Wi1hou1 an effec1h•e \fapor 
retarder dircc1ly be-neath the slab. 1he resuhs of any moisture 
test cannot be considered a true i11dicmor of the nloisture 
c-0ndition 1hai will develop once the floor is covered .. 

evidence thol moislurc criteria arc tmlisficd. or 10 establish 
expected floor covering perfonmmce if 1he concrete slab has 
no1 been placed directly on a v~1por retarder. 

4.5-Underlayment testing 
Specifiers should verify that the underlaymcnt/leve1iog 

products they specify tire oompr11 iblc with the coocre1c 
moisture co111eo1, floor covering adhesive. and flooring 
befor¢ accep1ing a product ror use under a Ooor covering, 
Obtaining the adh¢sive. ;)nd floor covering manurac1ur­
er's wriuen pem1ission before using an lt11dcrlt1ymen1 or 
pa1ching produc1 can help to ensure 1ha1 1be warranty ,viii 
s1m be in effect 

Some underlayment maoutac1urers recommend moisture 
tests for use with ll1eir productS ,,1hile 01hers do nol. When 
rrioisturc Les1ing is recom1r1ended. most manufacnu. .. ers do 
not recommend using che c.alcium chloride MVER tesL or 
in1ernal RJ I 1es1 1ovalida1e 1bedryness of1heir prodt1ct. Some 
recommend 1.t.Sing a p1aslic shee.t 1es1. a,1 e lectrical resistance 
moisture mecer, or the calcium c.arbide test rnelhod. 

Acceptance. limits for rtll moisrure rests are established 4.6-Comments on moisture vapor emission 
based on the. assumption that an effective va))Or retarde1· rate tests 
is present directly below the slab. With adequate mois- l11e MVER test is still being required by some floor 
rure, prmection directly below I.he slab moisrure in the slab covering and adhesive rnanufacture(S .. Some. specific issues 
will redistribute unifonnly in tl1e slab after the. flool'ing is investigated with respect to dlis test are: 
itunalled. but cJ1e supply of water will no1 be replenished (a) Test duration etrecrs- ASTf\,t Fl869 requires a tesl 
from an exten1al sourc.e. duration between 60 to 72 hours: hO\vever, so,ne tests are 

Fol' slabs not placed on a vapol' retarder, the reliability of cut sho11. When the concrete is drying, tests conducted for a 
any rnoisture test taken at the surface. or with probes in the shorter period will typically yield higher e-inissiorl ra1es dla11 
c-0nc1·ete should be questioned. Moisture test.~ pe.rfonned on tho.se conducted for longer test periods (Suprenam 100Je). 
a co11crele slab-on-ground that is not in direct contact with One investigaior conducted calcium c.hlol'ide tests at 24, 48, 
a.11 effective Vi."IJ)()I' retal'del' do not repre~~nt what the mois- and 72 houl's .. If the concrete was drying. tests m the later 
rure level will become in the slab once dle floor covering ages 1,roduced lower emission rates. If the emission rates did 
or coating is installed. In Public.ation 596 of the National not dec.rease, the inves:rigator checked for problems such as 
J\cademyofSciences .. s tate.ments from the Building Research moisnire being present beneaLh a slab that wasn'l placed on 
Advisory Boal'd sup1>0n that the re.lative humidity below a a ,•apor retarde.r (Conrrc1t• Uepai,· Digest 1997). 
slab-on.ground should be e.xpccled m be I 000.4, regardles.s of (b) Effect of tesls conducted over holes drilled in the 
the depth of the ,vater table or the amount of precipitation. concrete surface-At one time, a calcium chloride test 
Without an elfective vapor retarder directly below the slab, kit manufucturer re.commended drilling three holes in the 
moisture in the ground below is free to enter the slab, which, concrete and placing the test kit over t.he holes to evaluate 
over time, will increase I.he measured levels of moisture -in the moisture condition at a greater depth .. To detennine 
the slab which can lead to flooring and coating problems.. the effects of this testing method. tests were conducted on 

ACI 302 .. 1 R recommends that a concrete slab to receive. a concrete surface with no holes. and with three 1/2 in. 
a mo1sture,.scnsitive floor covering be plac.ed directly on a ( 13 mm) diamefer holes drilled 10 I /2, 1, and l • l/2 in. ( 13, 
vapor retarder.. Previous versions of tJlis document recom• 25, and 38 mm) depths. The tests were repeated IO times, and 
mended placing a granular layer between the vapor retarder no effect of the drilled holes was found (Suprenant 2003e). 
and the concrete .. However, if a gr.mular layer is placed (c) Effec.f of moisture inside the plastic coYer-Some 
between the vapor retarder and the slab, the fill material investigators have suggc-.stcd that the initial RH inside the 
may take on additional water from rainfall, wet-cutting. wet• plastic cover affects the test result. ln one study (Suprenant 
curing, or compaction. In addition. a layer of fill material 2003c), 1he MVER was measured under tv.•oditTcrem ambient 
sandwiched between the vapor retarder and the concrete can Rl-1 conditions by placing a plastic cover over a calcium 
serve as a conduh for moismre entering the fill layer from chloride dish on glass plate. Because the plate was imper-
opcnings. punctures. tears, or penetrations .. Moisture present meablc. the MVER measured by the test wouJd be an indi• 
or increasing within the fill layer, from any source. c.an cator of lhc initial RH effect The measured average MYER." 
increase the moismrc tc,•cl in the slab .. which can ultimately inside the test kit.s were 0.84 and 0.25 lb/lOOO tV/24 h 
!cod to a flooring problem. A moisture lest should not be (0.41 and 0. 12 kg/JOO m2/24 h) for an RH of 74 and 33%, 
used to predict future co11crctc drying behavior, lo provide respectively. This indicated that a correction factor might 
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• 

• 

.. u .. " " .. .. 
Fig. 4.6-1-;J}'ect of1emperawreon calcium chloride emission 
le.St$ for difj'ere.111 c.om:,-eurs (J(anare 1005). (Nole: °F • /("F 
- 31)/1.8} •C; I lb/10//0 fi'/14 i, ().488kg/10011//14 h.) 

be required to account for moisture initially present in the 
air inside the plastic cover. RH measurements made with a 
surface-mounted hygrometer inside the plastic cover showed 
that the calcium chloride absorbed all the moismrc under 
the plastic cover within a few hours. f urther RH measure~ 
mcnts were made inside a plastic cover that was scaled 
to concrete with an initial MYER of 4.5 lb/ 1000 ft'/24 h 
(2.2 kg/ I 00 in'/24 h), The initial RH inside the plastic cover 
was approximately 44%. The RH rose to approximately SO% 
and rc1m1incd al that level until the test was completed al 
72 hours. For MVERs in the range of interest, usually 3 co 
5 lb/l000 ft'/24 h ( 1.5 to 2.4 kg/l00 m'/24 h). ii appears thal 
the moisture condi1ion under the pl:tslic cover al the st:irt of 
the lest is approximately the same as it is al the end or 1hc 
lest. Thus. no correction is needed (Supremml 2003e). 

(d) Efft.-ct of test environment- Figure 4.6 shows 1he 
rcsuhs of MVER 1e.sts on concrete wilb different wk and al 
different temperatun:.-s (Kanan: 2005), Note clull 1be emission 
n,te varies by approximMely I lb (0.5 kg) or more in 1he 65 
10 85°F ( 18 10 29°C) temperoture ronge that is permitted by 
ASTM Fl869. The effect is greatest for com:re1.es with wlc 
larger than 0.5. 

(e) Tcs1 as a measure or concre1.e c1uali1y- The MVER 
1es1 doc..-s not me.asure a fundamentol c-Oncrete property 
and sho,1ld no1 be used 10 evaluate the concrete (t\ SCC 
2005; Suprenan, 200Je). Measurement of the MYER by 
ASTM Fl869 is an indica1jon of mois1ure prese1.11 and emit­
ting from the surface region of the slab only. While 1he infor­
ma1ion 1hjs tes1 roe1hod provides can be valuable-. a MVER 
value alone is c-0usidered by many as insufficien1 infonna-
1ion upon which 10 base a nooring insrnllation decision. 

CHAPTER 5-CONCRETE pH TESTING 

removed from ASTM F7 JO due to the potentially misleading 
results that can be obtafocd by introducing an external source 
of liquid water tha1 may or may not ever be present in suffi­
cient quantity within the concrete to ere-ate and maintain a 
high·pH solulion, 

Testing the pH level of wet adhesive or fluid below ;.l foiled 
Hooring inst:1llu1ion is. however. tt valuable tool in a forensic 
investigation. 

Manuf3c1Urers who wish to con1inuc the pre·in.slaUation 
prnc1ice o f pH lcsting arc to provide ins1ruction as 10 how the 
iest is to be perfonncd, oud whaL is coosidcred an accepu,blc 
pH level. 

The pH js a measure of hydrogen ion conccntra1ion and 
indicates the acidity or aJkalinity of a solu1i<)n. Neulnll solu-
1ions, such a~ distilled water, have a pH or 7, Valut:5 above 7 
indic.a1e solu1iol'tS of increasing alkalinity, and values below 
7 indicute sohuions of incre-asing: acidi1y, Because-pH is a log 
SCHle based on 10~ a solution with a pH or 3 bas a hydrogen 
ion conccntrmion IO times 1ha1 of a solution ,vilh a pH or 
4, and I 00 times 1ha1 of a solution wi1h a pH o f 5. A pH 
1neasur¢mCnL, however. is not a measurement of the 101al 
alkalinity wi1bi11 the concrc1e. 

When pOrLland cemeo1 hydraces. 1he calcium silicates react 
lO rorrn c.alciu01 silicate hydrates and calcium hydroxide 
[Ca(OH),]. 11,e Ca(OII), provides a substanrial buffer for 
the po1·e solurion. maintaining the pJ-1 level at apprm:imatety 
12.6. which is tha1 of the saturaced Ca(()f-1)2 solution. l11e. 
pH can initially be higher than 1his value (tyr,ic.ally up 10 
13.5) because of tJ1e presence of po1assium and sodium 
hydroxides (KOi-i and NoOH), wh,ch are considerably more 
soluble thail Ca(OH)2. These alkalis are pl'esem in limited 
quamities, howeve.r~ and any c.arbonation or pozzolanic reac­
t.ion rapidly reduces the pH to approximately 12.6. 

5.2-Carbonatlon 
As ponland cement hydrates, calcium hydrnxide. and other 

alkaline hydroxides are formed. The pH of we1 concre1e is 
extremely alkaline, typically around pH of 12 10 13. The 
surface of concrete will namrally react wilh aunospheric 
carbon dioxide to produce caJcium carbonate in the hydraulic 
cement paste, which reduces the pH of the surface. Results 
in the range of pH 8 to 10 are typical for a floor with at least a 
thin layer of carbonation (approximately 0.04 in. [ 1.0 mm)). 

In concrete terminology. carbonation is the reaction 
of carbon dioxide (CO2) in the atmosphere with moisnire 
and alkaline components of c.he c.eme.nt paste. Calcium 
compounds in the concrete produce calcium carbonate as a 
result of carbonation. Because the reaction proceeds in solu. 
t:ion. the first indication of carl>onaUon is a dcc.rease in pH of 
I.he pore solution to 8.5. Carbonation generally proceeds in 

5 .1-lntrod uction concrete as a front; beyond which the concrete is not affected 
Historic.ally, mos1 flooring and adhesive manufacturers and the pH is not reduced (Fig. S.2). 

required p1-e-insrollatioo. pl I testing oi lhc concrete slab ln one sn1dy, mean carbonation depths ranged from 1/8 
surface due co the pocentially damagiilg ctfec1 chat a high1y to 3/8 in. (3.2 to 9.5 mm) for concrete specimens with wlc 
alkaline solution such as co11crece porewmer can have on the bcN.-ccn 0.55 and 0.64. cured in water for 7 days. and then 
adhesive. The. requirement and procedure for pre-installation stored in the laboratory at 50% relative humidity (RH) for a 
pH testing was also fonnerly included in ASTM f7 10. In year. Mean carbonation depths for concretes with wk from 
2021, lhe requirement fo1· pre-installation pH 1esting was 0.40 to 0.45. cured and stored as previously described. were 
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Concrete indoors 
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Fig, 5. 1-Tjpical carbonalio11 from showing carbonated 
conc,.e/e a, pll of 8.3 uud trcmsiti'ou ;011e lo uncarbouated 
conc1~1e at p/1 of 12.6 (Tu111ti /982), 

Fig. 5.3- pH fes1_;; conducted at vtwious lime inrerva/.f 10 
determine the ej)t?ct ,~{ adhesiwt u:afer 011 pH The co11cre1e 
.twface wt,s ini1ially al pH of 9 but rose qultk(v lo I I .5 as 
adhesive water bmught the alkalis inlO soluti(),r (Suprenant 
100.ic). 

not deeper than approximately I /8 in. (3.2 mm) even after LO 
years of exposure (AC'I 22:!R). 

5.3- Adhesive water 
\Yater in a water-based Hooringadhcsivcca11 have an imme­

di;.uc effec1 on a pH measuremcn1 of the <.'Oncrcle surface 
(Suprenant 2003). This elfe<:t was studied by spreading 
a water-based adhesive on a dry concrete slab tln'll had an 
initial pH or 9. Flat pl•stic s1rips. I x 2 in. (25 x 51 mm), 
were placed on &he surface before applying 1he adh1."Sivc~ 
then removed 10 le<1ve bare concre1e surfaces aCter 1he adhe­
sive was applied (Fig. 5.3). At 15-seeond intervnls. the pH 
of 1hc bare concrele surface was measured with pH indicator 
strips. A rcw minutes after 1he adhesive had b«n applied, 
1be surfuce pH rose from 9 10 1 I .5. This indicated Lh-at :alkalis 
hod been broughi into solution qui1.e qoickly, exposing 1he 
adbc.sive 10 a high pH eovironmeo1 tha1 was unrehned 10 
concrete mixil)g water or external mois111rc sources other 
1han che adhesive., Because w:11er-based adhesives have been 
ust!<l suceessfully on many projects, 1be short-Lem, exposure 
10 a h.igh-pH soh1tion appe,ars t.o be well toierfned by 1no~a 
adhesives. especial ly if the surface of the concrete is porous 
a.nd 1he internal relative humidity or a slab 1>laccd directly 
over an etfec1ive vapor re.tar(fe.r is 85% or lower. 

CHAPTER 6-FLOOR COVERING AND ADHESIVE 
MANUFACTURER'S RECOMMENDATIONS 

6.1 - lntroduction 
The architect and engineer should communicate to en.sure 

that the Division 3 requirements for concrete floor slabs 
are compatible with the Division 9 requirements for floor 
coverings. Projecl specifications should provide specific 
information concerning the. type of below•sl:ib vapor 
retarder, its location be.nealh the slab, slab curing method, 
what types of moisture tests are to be performed, and the 
required re.suits and the concrete subfloor surface prepara• 
lion requirements. TI1e engineer should not design a stab .. 
on•ground or a suspended slab without considering the type 
of floor covering to be used and its requirements, Ideally. 
the design team wiU a lso include a flooring consultant and 
the floor covering manufacturer, The project team may need 
input from several floor covering manufacturers to allow for 
dilferences in product requirements, 

When preparing specifications for different flooring appli• 
cations. i1 is not advisable to rely solely on phrases such as: 
·"Prepare the concrete surface and install flooring in accor­
dance with the manufacturer's instructions," In some cases, 
Hooring manufuc-turcrs' ins1n1ctions do not cover all the 
requirements necessary lo ensure~ successful installation, 

Because some Boor covering warranty requirements have 
multiple disclaimers or exclusions. the design 1cam should 
get written approval of their finaJ specificat ions from all 
tidhcsivc-and Aoor covering manufacturers thal arc included 
in the project spccifica1ions, 

6.2- Manufacturer's recommendations 
Floor covering and adhesive manufacturers give speciJic 

rc<1uiremcnts thal should be mec lO obtain thdr product 
warranties. Some deal wi1h design issues, such tts 1he m .. -ed 
for a vap<ir retarder or barrier. Othe.rs relate to slab moisture 
and pH levels tind concrete s1.1d8ce prepararion. The design 
leAm should review 1he specific reqoiremenLS for the flooring 
aod adhesive prodticts specil1ed and consider i.n ll(h1a.nce if 
these requirements can realistically be met wi1hin Lhe project 
schedule. If 1he schedule.. loc.a1ion. or other anticipated 
influences make il unreasonable to expect the concrete LO 
dry nanirally to lhe required level, a preemptive, or c-0ntio­
gency moisture mitigation stra£egy should be included io 1he 
project specifkations and bid pl'(ICe.5S. 

Maoufac.turers cypically provide requireme.ncs related to: 
(a) Vapor rernrder 
(b) Concrete properties or materials 
(c.) Curing 
(d) Surface finish 
(e) Floor flatnes., 
(I) Moisture limil 
(g) 1>H l imit 
(h) Surface preparation 
(i} Repair 
6.2, l Vapor retarder Most flooring manufacturers and 

flooring industry guidelines require the use.of a vapor retarder 
beneath concrete slabs to receive moisture-sensitive finishes. 
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The design lenm may need lo provide lhc following infor­
mation 10 the manufacturer of the flooring male.rials lO delCr­
mine whether lhc proJX)sed vap<>r retarder and irutallalion is 
i:ipproprfate for use with the flooring ma1erial(s) specified; 

(t1) Properties of the vt1por n:tardcr (perm rating, puncture 
rcsisumc-e, and tensile strength) 

(b) Minimum chickncss of chc vapor reuirder 
(c) Loc.a1ion or placemen1 or1he vap<>r retarder 
(d) lns1alla1ion of lhe vapor recarder (required laps. 1roa1-

men1 a1 penetrations. repair of punctures) 
6.2.2 Concreie materials nud properlies-Some lloor 

covering and a;dhesive manufactorers provide guidance on 
concrete materials and prope1ties. Un!Orluoately, in some 
c.ases, this information does nol always reOect what is known 
to be best concrete prac;1ice. Some roanul8c1ure-rs provide 
recoinmcndmions on concrete s1.reng1h, slump limits, 
wmcr con1enL, and selection of materials. A f'e ,,, sug,ges1 
following recon:unendaiions in ACI 302.1 R. J loweve,r. wbile­
ACl 302.1 R docs provide valuable information, 1he <locu­
rne,u does not cover the topic in detail. Other recommenda­
tions on c-0ncre-h! male-rials and properties oflen conflict wi1h 
daia provided by 01hers (Brewer 1965; lle,Jenblnd 1997; 
Kanare 2005; Suprena111 2003•,b). 

The majority of floor covering and adhesive ina,,ufac­
rnre.1-s provide recomme,,dations for concrete materials and 
pror,e,·Lies that are based on one cone.em: drying. However. 
the designer should consider and balance m\Jltiple objec­
tive.,; that include r roviding the needed concrete ,v1)rkability? 
finishabiliry, su-ength, curing, minimizing cracking and 
curli,,g, sul'face t0leraoce, and the tune neede.d fol' drying. 

6.2.3 Curing- Curi1lg is es.~ntial to the prnper develop­
ment of c.oncre.te :stre.ng1h and surface integrity. However. 
how the finished concrete. surface is cuJ'ed can have a 
significant e.ffoct on drying Lime and surface preprU'ation 
oosts. Membrane.-fonning curing compounds have bee.n 
used for years as a practical, inexpe.nsive mean:s of curing 
a concrete slab sur11'lce. However, curing compounds delay 
the stal't of slab drying and most flooring manufacturers, 
and AS'r M F710, require that any type of curing compound 
be removed prior to i.he flooring mate.rial being installed. 
De.pending on the type of curing compound used, the cost 
and effon needed to remove the material from the. concrete 
surface can be significant. Because of this concem. when 
floor coverings are involved. cover curing methods are often 
employed. Cover curing methods include dry wet-strength 
c.uring paper, layflat polyethylene, or fabric--backed polyeth• 
ylene if a wet--curing method is called for. 

6.l.4 Sur/bee.finish- Most flooring manufacturers prefer 
a smooth but nonbumished concrete finish. free of trowel 
marks or ridges. The design team should consider the 
following when specifying a surface finish: 

(a) Will lhe adhesive be placed dirccdy on 1he specified 
surface finish or will surface preparation be required? 

(b) How will the finish affect tJ1c d1ying time? 
(c) If surface preparation is required. is the initiaJ finish 

important? 
(d) How many finishes will be required when more than 

one type or floor covering is to be insl'allcd in a building'? 

(c) To minimize (...'OStly. small, mulliplc placements, can 
a single surrace finish be :applied lo a large concrete place­
men1 and be compatible with the requiremeo1.s for most of 
the floor coverings to be installed on that placement? 

6.2.S Floor flamess-Floor covering manufacturers 
generally specif)' a lloor flatness rc<1uirement. In Divi­
sion 9. 1ha1 tla1nes.s is ust1ally specified as u gitp under a 
sin1igJ-ue<lge. which is 1101 consh,1en1 wilh 1he F-number 
specification or measuring system lhat may be calk'<I for in 
Division 3. F-number spccific-fuions rc<1uire 1hc Boor Um­
ness be measored within the fi rst 72 hours afler placement 
(ASTM Ell 55) whereas 1he manufac1urer's floor fla1oess 
is typically me,asured when the Jlooring insrnller arrives on 
site. The design team shouJd consider 1be type of nooring 10 
be ins1alled, its required noor 1olerance. and how that 1oler­
ance is 1.0 be achieved and maintained. The Ooor covering 
installer should be advised 1hat 1be concrete coo1ractor is 
resp<>usihle only for meeting cbe lOlerance requirements 
specified for the concrete. work. The specifier should estab• 
lish an allowance in I.he Hoor coveriog installer's c-0ntracc 
10 address any 1olerar,ce difl'"erences tha1 e-xist between the 
Division 3 and Division 9 specificatior,s. 

6.2.6 Mt>i.swre c(mdltion- The floor covcriog nlarlut"ac­
rurer provides limits on 1he moisture condition of 1he slab 
prior to installation of the covering. A maxirn\Jln value. fot 
the t\•tVER, a.) meai.ured by the caJcium chloride test. and 
a limit of the. concrete's imemal relative humidity (RH) 
(ASTM F2 170) are the most common requireme,us. On 
occasion, other types of 1noisru1-c. cesrs are called for. These 
te~~•s may include te-slillg using an e lectronic moisture meter 
(A$TM F'2659), calcium ca,·bide test, ot the plastic sheet 
1<.11 method (ASTM f4263). II is 1101 possible 10 esmb­
lish any comlation among results of these diffel'ent test 
methods. Because of this. the design team should use the 
manufacture,'s recommended test me.thods and tes1-resuh 
limits, and, if necessary, supple.mem the.~ tests with others 
to provide adequate information upon wh.ic.h to base an 
installation decision. 

6.2. 7 pH- Most adhesive manufacturers require a 
maximum value or range for the pH of a conc.rete surface to 
rece.ive a floor covering. Typical limits are between 9 and I 0, 
with a few at 7 and a few above 10. TI1e re.quirement for pre­
installation pH testing It.as. however. been removed from the 
mandatory content of ASTh1 F7 I 0-21. Jn d1e non-manda-
10ry Appendix section of F710-21. ii Slates "If ihe design 
te.am, or manufacturer of a flooring mate.rial, adhesive, or 
underlaymem has a requirement for pH testing their method 
of test ing and their acc.eptance levels are to be described in 
lheir sub-Boor evaluation specifications and lheir method is 
10 be followed.'' 

Concrete surfaces can easily carbonate to reach a pH of 
I 0, and a pH value of 9 is possible with a longer waiting 
tfo1e. A pH requirement less 1han 9. however. is unreason­
able and a pH of 7 is impossible lo achieve on an untreated 
or uncontaminated bare concrete surface. The design 1eam 
should decide. and 111aaufacturcrs should also state, if the pH 
requirement applies to coacrctc before or after surface prep~ 
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aralion. Mosl surface preparation will remove lhe carbon­
rued coacrc1c skin nnd result in a higher pH. 

6:2.8 Smface prcparatio11- Some llooriog or adhesive 
m:.mufactun.::r$' inSlructions require removing a ll conrnmi­
nanlS (dust, solvent scaly paint. wax, oil. grease, ns1>hnl1, 
scaling compounds. aad old adhesive) plus curing, hard­
ening. ::ind bond-breaking compow1ds by mechanic.al 
me1hods such as abrasive blas1ing. Still 01h.;rs recommend 
power sanding 1he :,urface, or power washing it 10 remove 
co□taminan1s and roughen Lhe surface. S-Ome manufae­
uu eni recommend neutraliiing 1he s urface with acid, then 
Hushing i1 1horougbly ,vi1h water. Any pre.paration procedure 
1hiu adds wmer LO 1he lloor, such as power washing or acid 
elching. changes the mois1ure condi1ion and increases 1he 
time needed to reach a given moisu.1re limj1. 

lf1he concrete surface is sho1blas1.ed afLer a desired mois­
rure em.isslo11 rate is achieved, removal of the-dense. carbon­
med layer ,nay increase the MV11R above 1hm previously 
measured. As a ge.neml pracLice. moisrurt: 1.es1s should be 
taken on a concre1e surface lhat retlecls the final prepared 
stage before instal lation orthe flooring inmerial or smoothing 
or leveling compound. Wl1en the concre-te surface is opened 
by grinding or shotbla~ting, additiooal drying time for 1.he 
co11crcte surface will likely be required to allow the co,,cre1e 
surface 10 carbonate lO an acce.prable pf I level. 

Acid etching should no1 be used to prepare a surface for 
flooring because 100 much water is needed 10 neutralize the 

Table 6.3- Concrete surface crllerla 

Organb:adon/docomrn1 nooring type 

Thi<:k•sci lifo 

ACI 302.IR 
Cllipcl 

Thin«t floo,ing 

Thin-sc,1 flooring 

ACI 301 All flooring 1ypes 

-
ASTM F110 R~ili..::nt ffooring 

Tik CoonciJ of Amcrka Tbt1MlC1 l1lc 

ANSI A 10& 
1·1i1ck•:1c11ilc 

N:uional T,..,(:),.7.0 and Mos:iic ASS()(:i!id(m 
Bonded NTt-.iA 09 66 13.19: 2012 

National Tcrrauo and Mos,rn: A.ssoc:fation 
Sand cushion NTMA (19 66 13.13~2012 

National Terrazzo aOO Mosnic Associmion 
E1,ol{y 1er1'3n0 

NTMA ()<} 66 23.16,2019 

Resilicn1 f lOOt Ccwering ln$li1111c ( 1995) Resllk:m Roor/ng -
C&l'JX'l and Rug Jnsaituk 

C:lll)el CIU 104 

M:l.JJle Floo1i1i& ~fa1iufocn1.rc~ AW1Ci;ui()f1 (2() 1$) Gym floo,$ 

N:uiooal Wood FlooringAss..wiation (NWFA/ 
Solid :-md C>n.(ti• 

N011r-,tA l "\\~ Mooring hts.ttilllltions 
Guidelines .. 

nee.rod wood tloors 

Note: 1 in . .. lSA mm; I fl .. 0.3 ni. 

a.cid. Ahbough i1 is occasionally recommended as a tech­
nique for lo,vcring the pH, the pH will increase with time. 

6.2.9 Repaits-A1mOSI every floor requires some repair 
before Hoor covering i.nstull;:i.1ion. including; 

(a) Cmck repair 
(b) Spall repai r 
(c) Curling repair 
(d) Join, tiller repair 
(e) Join• s1abiliw1ion 
(I) Sur face grioding 
(g) U1tderlaymcn1 leveling or smoothing application 
Underlayments are particularly imp,ortant. as they are 

used on mos1 projects. 171ey should be compa1ible wi1h the 
concrele surface. adhesive., and noor covering. The moisture 
limilS and pH requirementS for underlaymenis should 1101 be 
rt'IOre reslric1i,•e lhan those for 1be surrounding concrete, or 
they rnay delay th.e cons1ruc1ion scbedu1e. 

The desig.u 1eam should ask the floor covering and adhe­
sive rnanufacrurcr to review 1heir floor repair procedures 
and products to make-sure they are compatible and that the 
warranty is s1ill in eflec, over the repaired areas. 

6.3-Deallng with multiple floor covering 
requirements 

O\Vners and atchiux:ts often specify multiple floor 
coveting products in facilities such as rt:"tail stores, schools, 
and clinict1I faci litie~~. Concrete surface-finish requireinems. 
howeve.r, can be different for each produc.L Tahlc 6.3 shows 

-
Floor finish Flatness Lcnlncs.s Conuncn(s 

- F..-20 Ii 15 All (:OOC«:tc sl;,bs 

- F'r2S F,20 AIJ c()ncfth: ~l:;il,1, 

- Fr35 Ft. 25 $1abs"'°''"8'oond 

- Fr 20 f t, 15 SUSJ)('ndcd slabs 

Troweled finish 
F, 20 

ft, 15 Fl" slabs spocilied as 
Stitt in. iu 10 fl ,roweled fin i1sh 

- l/16 in. in 10 Ii NQf,e Requires oo dcfccis 
lh.'lt tclcgr.q>h lhrough 

Hw-d 1roweVbroom 
114 in m 10 ft 
1116 in. per n - -

Nolle f"(({llir¢d 114m mlOf\ 

Droom finish 114 in m 10 f\ - -
Float fin ish 11-l in. in 10 ft - -

tight Sh.'\!I lfOWcl Fr lO/IS F1, 20/ IO -
Hs,d uowelfSll)l)l)lh S/16in. in 10 ft - -,_ 

No,k:' NMe N()(le H:is 1)0 require1nent, 

T n>wded Snl()()lt, 1/lt lfl. in 10 ft - -
118 in. in 6 n 

CSPl ,CSP4 Of NA 
3/16 in. in to ft 
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floor finish and lolerancc requirements as recommended by 
ACI. ASTM. and various flooring organizations, ff only one 
producl is used, Division 9 spc<:ifica110ns can malch tha1 
pro<luct•s requirements. The issue. however. isn't 1h31 simple 
if multiple product.s are used. 

To gel the best price for owne~ and Lo meet 1hcir schedule 
on hirger contn1cts. co11tracton; gencr.1l1y place 25,000 fl1 

(2300 m1) or more or conc.re1e per day, It is not feasible to 
have the concrete con1n)ctor meet sepan.ue floor. tolerMces 
and finish reqoircmeotS ror every arc.a ,vhcrc a differen1 Jloor 
covering product will be used. In some cases, the ownc-r 
hasn't made the flooring product choices for diffo-ren1 loca­
tions before 1he concre1.e slab is placed. TI1e a.rchitec1 and 
Cl1gi11eer should balance 1be floor lloish and tolera.nce J1eeds 
o( the tloor CO\feri.og products. 

Based on Table 6.3 recommendatior,s. a C-Omprornise 
for use-in Division 9 migh1 be to specify a 1/4 or 3/ 16 in. 
(6.4 or 4.8 ,nm) gap oodet a 10 fl (3 ,n) straightedge. and a 
hard ,rowel flnjsh. For floor covering products that require 
a different !fatness or finish, 1he spec.ialty floor covering 
c-0ntracl0r ,night be ins1rucced co patch, g.rind. or sho1-
blas1 the Hoor as needed. This instruction would need 10 be­
covered in Division 9 under Lhe scope of work. 

CHAPTER 7- DRYING OF CONCRETE 

7.1 - lntroductlon 
Conc.re-te slabs should dl'y to a pl'escribed level before 

a floor c.ovcl'ing. adhesive. or coaring ma[erial can be 
insialled. Botll designers and contractors al'e c.once.rned with 
the J)erforma11c.e of Lhe floor c.overing once ic is insta1led and 
should consider Lhe time. and conditions that will be nee.ded 
to enable the concrete slab co dry to an acce.ptable level. 
D,ying of concrete is therefore a fundamental i~ ue when the. 
design team pl'epare ... 'i specifications aJ1d whe.n the consuuc­
tion te.am prepares schedules. 

The normalweight concrete drying studies ciled in this 
documem Ulclude those: by Brewer ( 1965), Abrams and 
Orals ( I %5), Hedenblad ( I 997). and Suprenam and Mah sch 
(1998a). Results of these sn1dies: are used to illustrate the 
drying be.ha,•ior of conc.rete. 

7 .1.1 Smdy summllries- Brewer ( I 965) tested 141 speci• 
mens made from 29 different concrete 111ixnires that were 
moist-cured for 7 days. The w/c by weight range.d from 0.4 to 
1.0. The 4 in. (100 mm) thick concrete specimens. exposed 
to 50% relative humidity (RH) and 70°F (21 ' C) temperature 
at the top. were weighed as they dried with the fo11owing 
exposures: bottom sealed, bottom exposed to water vapor, 
and bottom in conlact with waler. 

Suprenant and Malisch (1998a) tested 2. 4, 6, and 8 in. 
(51. I 00. 150. and 200 mm) thick, 3 ft (9 IO mm) square 
concrete slabs made with wlcm of 0.31, 0.37, and 0.40 and 
cured under plastic sheeting for 3 days. The slabs were 
stored indoors at a RH of 28 :I:: 5% and a tcmpcramre of 
70 ± 3°F (21 ± 2°C). They measured water-vapor emission 
in accordance with ASTM F1869. 

Abrams and Orals (1965) tested 3 fl ( I m) square concrete 
slabs that \vcre 6 in. ( ISO mm) thick and made with a wlc of 

0.6. RH was measured at diffcrcnl depths in the slab while 
both sides were ex.posed to a temperature of 73 ± 2°F (23 ± 
1 'C) and RH of I 0, 35, 50, and 75%. Hcdcnblad's ( I 997) 
used RH as a measure of moisture condition for concretes of 
varying ages and subjected to ditTcring drying environments. 

7.2-Concrete drying with no external source of 
moisture 

Brewer•s ( J 965) results for concn::le specimens dried 
from one side only and wi1h the bouom sealed a.re shown 
in Fig. 7.2a. Brewer repoi:ted 1he drying rate in grains/ 
ft2/h (gn1inslm2/h). bu1 the dam have been refornl(Hled 
in lb/1000 01/24 h (kg/100 m'/24 h), which is the most 
conunonly used measure of moiswre emission rate (Suprc­
nam 1997). As indicf11etl in Fig. 7.2<1, concrete dries inirially 
a1 a rapid rme. as shown by 1he steep downward slope of 
lhe cun•es, but the slope- then tJauens markedly. Bocause 
lhe drying curve flattens markedly, much of the waiting 
lime for concrete 10 reach the comm.only specified 3 10 

5 lb/1000 n'/24 h ( 1.5 10 2.4 kg/100 in1/24 bl emission ra1e 
is d11rin,g chc fi,la1 drying stage. 

Brewer ( 1965) found tha1 the u-/c was the most impor­
lant factor atfec1ing time. requil'ed 10 reach sJ)ecified emis­
sioo rate. Table 7.2 shows the dtying titne in days lO reach 

•• 
_, . 
• • ;: .. 
~ 
f ,o 

§ ., 
! .. t 
:iao-• 
fao 

10 

0 • 1 14 

-~ • 0.AO 
■ -<o • O.MI 

■ WC• 0.to 
■ ~• IUO 
• -.e • OM 
■ ,..t;=O.to 
■ 'W"C • l.00 

.. .... 
Flg. 7.la- Drying curves fi>r concretes at different wk· 
bt1.ted on Brewer (/965) dau, on moisture •'ll/Wr emis­
sion rates (Suprenant /997). (Nole: I lh/1000 fF/14 h ~ 
0.488 kg/ 100 m1/24 h.) 

Table 7.2-0rying lime to reach 3 lb/1000 fl'/24 h 
(1.5 kg/100 m'/24 h), days .. ,. Or,vi(l_g-1.1ne 11i(:le €:l:i>O$Cd t() \ 'Mp(lr In C-Onlllct will1 wat('1' 

0.4 •6 52 S4 

0.5 82 144 199 - - -
0.6 117 365 >365 

0.7 130 >365 >365 

0.8 148 '>)65 >36S 

0.9 166 >365 >365 

1.0 190 >365 ;,365 

American Concrete Institute - Copyrighted C Material -www.concrete.org 

@seismicisolation@seismicisolation

https://t.me/seismicisolation


26 CONCRETE SLABS THAT RECEIVE MOISTURE-SENSITIVE A.OORING MATERIALs-GUIDE (ACI PRC-002.2-22) 

3 lb/1 000 ft2/24 h (1.5 kg/100 m'/24 h). Concrete with a wlc 
of 0.5 (,,pproxim•tcly a 4000 psi [28 MPa] Strength level) 
took 82 day• 10 reach a 3 lb (1 .5 kg) rnte. Concrete with 
,, wlc of 0.6 ("pproximotely a 3000 psi (21 MPa] strength 
level) took 117 di,ys 10 dry 10 reach the 3 lb ( 1.5 kg) rate. 
Note 1ha1 these rcsults ,i.·erc for fobora1ory specimens drying 
a, 50% RH :md 70°F (21°C). In the fie ld, undercondili<)nS of 
varying lcmpenuurc ;'Ind humidi1y. drying times ,vould vUiy. 
Figure 7 .2b shows time needed lOr concre1es wilh differing: 

NOTE: THE TIME IN THE DIAGRAMS IS 
COUNTED FROM THE START OF DRYING 

Time from nnrt 
of drvi.ng lmonthsl 
6 

5 

4 

3 

2 

_,.,. ,:: --~ ~ 
~ 

O.• 0.5 0.6 0.7 

Drying to 90% relative humid ity 

lime from nan 
of drying (months) 
6 

5 
·,,{ / 

.Y /. • 
4 

, 
, 

3 ' 

2 

t 

hr" , 

~ I 
/ 

OA 0 .5 0.6 0 .7 

.. 

0 .8 w/c 

0 .. 8w/c 

Orylng to 85% ,-1atlve humJdhy 
(curves sornewh3t lcu rotll'lble than above) 

---
Typical caise e: 4 WOOkt' ra.in 

Typical ease a: Normt;I cas.e 

- - - - - Typical caM:I d: Oryfng prtvttn!Od tor A Wffks 
T ypleal case c: 2 week$' rain 

---- Typl<OI .... b, Sho<loumg -

Fig. 7.11,-t.Jfects o/wlc and curing met/rod tm time needed 
to reach either b'5 or 9/P/4 internal RH a1 a dept Ir ofappmxi­
mlllely /.4 in. (36 mm) itt a !:ltd> 7 in. (180 mm) Jltick. Slt,b 
dried from botlt sides in air ttl 64"F (t8°C) tmd 60% RH. 

w/c and curing conditions to dry to an 85 or 90% internal 
RH level. 

7.3-Concrete drying: exposed to moisture 
from below 

Brewer's ( 1965) teSl included concreu: specimens 1bat 

were e:xposed 10 vnpor and liquid wHlcr at thr.: bouom of 
lhe specimen. As Trible 7 .2 shows. the time needed to reach 
a given emission rate increases when mois1ure cun ea1er 
lhe bollom of !he concrete specimen. For a wlc of 0.5, 1he 
rc<1uired drying Lhne inc.reascd from 82 days ,vith no external 
waler exposure 10 144 days with cxp<>sure 10 wnter vapor, 
and 10 199 days wilh ,,fater coniact. The results for a wlc or 
0.6 were even more dramatic, a.s it took specimens J 17 days 
lO dry wi1h uo exposure 10 water. and 365 days when exposed 
10 water vapor. Brewer ( 1965) s10pped taking rncasuremeu1s 
after 365 days, as indicmed in Table 7.2 by > 365. 

Table 7.3 shows Brewer's ( 1965) I-year resul1s for 
concrete wi1h a wk of 0.5. Wi1h no extemaJ water source, 
this concrere reached an e111ission rate of 1.0 lb/ I 000 fi.~/24 h 
(0.5 kg/100 on2l24 h) after drying for 365 days. When in 
conroc:1 with water, concrete with the same wlc reached 
2.S lb/1000 ft1/24 h (1.2 kg/100 m2,'24 h). This shows Iha! 
uocovered concrece can dry to the lowesc cornmonly sped­
fied emission rare (3 lb/1000 ft2/24 h [1.5 kll/100 m2l24 h]J 
even while u l contact with water. When a floor covering 
is applied, however. redistribu110n of the moisn1re. can be 
expec1ed, as discussed in Chapter 3, alld performance of the 
floor covering might not beacceptahle .. Bl'ewe.r ( 1965) ca1cu­
lared 1he peroe.nl saturation, amounl of water in each spec­
ime11, uoder the give.n drying conditions. When d.-ied from 
one side only (vapor retarder on the bottom), the concrete had 
an approximately 500/4 satuJ'ation leve.t. Concretes exposed 
ro vapor or in contac1 with water had a higher saturation 
level of approximately 80%. Thus, when a flool' cove.ring is 
installe.d, the amoum of water 1..hat can be redistributed to the 
to~) surface is much greater tOr concrete exposed to vapor or 
m contaci \\~tJ1 water. Although the emission rate might be 
considered acceptable when the floor covering is installed, 
the increased amount of water stored in the concrete is likely 
to affect floor cove.ring perlbnnance after installation. 

Table 7.3-Moisture vapor emission rate (MVER) 
and percent saturation after 1 year in 0.5 wlc 
concrete 

MVF.R, lb/1000 ftlJ2◄ h Pe-rte111 
Tt'.sl t:ondilion (kg/HM) 10 111.f b) i:atunilfon 

\½1cr in L·<)nl:Kt with <:orn.--rcle 2,S{l,2) 81 

W:tt'1'f V31>0r in COOt;l{:t 'tlvith 
connece 

2.30,1) 76 

Wat..v in coo1:·1c1 wllh 4 mil 
1.5 (0.7J) 5J (0.10 mm) polycthylcnc 

Water in oomact wi1h 32 mil 
I.I (0.54) 51 

(0.81 nun) ABS plas-1ic 

Or)'i11g only 1.0 (0.49) 50 
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7.4-Concrete drying: exposed to moisture 
from above 

Suprenant and Malisch 's (1998a) concrete specimens 
with 1v/cm of 0.40 or less took only 46 days to reach the 
3 lb/1000 tl'/24 h(I .5 kg/100m1/24 h)emissionraterequired 
for many floor coverings. To study the clfect of rewcuing~ 
they (Suprenant and Malisch 1998c) ponded 12.5 lb (5. 7 kg) 
of water on the 4 in. ( LOO mm) thick slab that had a ,,/cm of 
0.40. They removed the water after 2 hours and measured it. 
The slab had absorbed 4.6 lb (2.1 kg) of water, and as shown 
in Fig. 3.6.3. 1hc MYER rose 10 approximalcly 15 lb (6.8 kg). 
II required approximately 5 more weeks of drying to again 
reach lhc 3 lb/!000 fl' 24 h ( 1.5 kg/I 00 m2/24 h) rate. At 
tha1 point, 1hcy again welted 1hc slab wi1h 12.5 lb (5. 7 kg) 
of water, this time for 6 hours, and measured the amount of 
waler absorbed. The absorp1ion decreased to 2.8 lb ( 1.3 kg). 
and this time the emission rate rose to only 8 lb (3. 9 kg) 
before returning to 3 lb ( 1.5 kg) in approximately 2 weeks. 

Clearly. the time needed for concrete to dry to a prcde­
tcnnincd l\-fVER cannot be detcnnincd basc..-d only on tbe 
pl::1ccmcnt dale or the end of moisl curing. The (fate of the 
lasl rcwcuing should also be considered. 

7.5- Concrete drying from both sides 
Some suspended slructurol slubs dry from both 1he top and 

the bouom. Hcdcnblad ( 1997) dcvelope<I rchuive foc1ors for 
drying from one und two sides for <lifferent wlc. lls sho"'n in 
T(,ble 7.5. 

As the 1able shows. drying from only one sidt: takes a1 
leas1 1.wjce as long as drying from both sides 10 reach 1be 
same in1ernal RH criLeria. No1e lhM 1he one-sided drying 
1akes long(.!r for higher wk. 

Table 7.5-Relatlve factors for one- or two-sided 
drying 

"'le 

Orr ing .. , 0,5 0,6 0,7 

OJM:sidc 2.0 2.3 2-6 3.2 

T\\' () $idtl! 1.0 1.0 1.0 1.0 

of concrete containing. a supcrplasticizcr largely occurred 
in the same way as for concrete withoul a superplasticizcr 
admixture and wilh the same wlc ratio," Suprenant and 
Malisch ( 1998a). using concrete materials and admixtures 
available in 1998 (nonchloridc accelerator, fly ash, and high­
range watcr-rcduciog admix.1urc) at a wlcm of0.40. reason­
ably matched Brewer's (1965) drying curve for concrete 
wi1h a w/cof 0,4 but using matcrialsavail:lblc in 1965 (porl­
lnnd cement and admixtures). 

Hcdcnblad ( 1997) found tha1 using 5 and I 0% silico 
fume by \veighl of cemen1 d~-creased drying lime by 2 and 4 
weeks. respecr·ively. 

Bnsed on the published data. Chere is no reason lo include 
or exclude any concrete materials, wi1h ~he exccpiioo of 
the mldi1ion or silic;1 fume. in an aucnip1 to n:duce needed 
dryi_ng lime for concre1e wilh " given w/cm. lvluch work is 
currcn1Jy being done 10 in\les1iga1c the use of m:;11crials 1hut 
\\lill reduce the time needed for c-0ncrc1e 10 dry lO a moisture 
condition that permits llooring 10 be applied, 

7.7--Effect of fresh and hardened concrete 
properties 

Coucre1es wilh 1he IOIIO\\ling. ra.oges in properties ha\lc 
been used in lhe work oft.he rour researchers previous1ycited: 

(a) SluonpS from 1-1/2 10 9-1/2 in. (JS 10 240 mm) 
(b) Air COllh~nlS from I to 7% 
(c) NonnalweigJ)1 concre1es wi1h densities rrom 139 to 

154 lbifl3 (2230 10 2470 kgim') 
(d) Comprc$Sive strengths from 1300 ro 8000 psi (9.0 to 

55 MPa) 
(e) >1-/c111 from 0.30 10 1.0 
The only variable found to correlate with drying time 

is the wlc:m. If a change in slump or air content causes a 
change in the wlcm , the drying time is affecled. If a concrete 
strength change. is due to a change in the wlcm, the drying 
Lime c.hange5. Thus. the design ceam needs to specify only 
ll1e w/cm ifconcreLe drying time is a primary concern. 

7.8-Effect of thickness 
Hedenblad (1997) developed co1Tection fac10"< for slab 

thickness effects on time required to reach a given RH in 
7.6-Effect of concrete-making materials holes drilled 10 a depth equal to 20% of lhe slab thickness. 

The rollowing ranges in material cypes and ammm1s were Table 7.8a is modified from its original tbrm to have a 4 in. 
used in 1he drying sn1dies of' Drewer (1965), Ahrains and (100 mm) thick slab as the base reference. Based on this 
Orals ( 1965). 1 le<leoblad ( 1997). and Supreoruu and Malisch data. drying times double as the concrete slab incte.ases from 
(1998a): 4 10 6 in. (IOO to 150 mm). and triple as 1he slab thickness 

(a) Cement c.omem: 300 10 700 lb/yd' ( 17$ 10 415 kg/n,') increased from 4 10 8 in. ( I 00 to 200 mm). 
(b) Cemcn1 types: Type I, 1/11, and Ill Suprenaot and Malisch ( 1998a) found that slab thick• 
(c) Class F fly ash and silica fume ness had no influence on the time needed for MVER to 
(d) Four diffe.,·c,u air-emraining ageots reach the commonly specified 3 to 5 lb/ I 000 0:2/24 h 
(e) Chloride a11d nonchloride acc.eleramrs ( 1.5 to 2.4 kg/ I 00 m2/24 It) maximum values, as shown 
(() Lignin and hydrocarboxcylie acid water reducers in Table 7 .Sb. Based on their data and other work, l\•1VER 
(g) High-range water reducers results reflect the moisture condition near the top concrete 
(h) One butyl slearate waterproofing admixture surface only, and arc unaffected by slab thickness. 
Brewer·s ( 1965) conclusion was .. on the basis of concretes Monfore 's ( 1963) RH measurements al the middepth of 

with equal water-cement ratios, 1he admixture.,; used neither 3/4. 3, and 6 in, (19, 76, and I 50 mm) diameter concrete 
oontribtued to, nor detracted from the. measured flow to any cylinders show that the time required 10 dry to a given RH 
a11preciable degree .. " Hedenblad ( I 997) concluded "drying incrc~scs with dislaocc from lhc drying surface (Fig, 7.8). 
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Table 7.8a- Relatlve effect of thickness on drying 
time* -

I o,I, 

1'hk km:H. in. (mm} o., o.s 0.6 0.7 

•I( 100) 1.0 t.0 1.0 LO 
. -6( 150) 2.0 1.0 2.0 1.8 

7( 180) 2.5 2.5 ? • .. , 2.5 

8 (200) 2.8 2.8 -z.s J.O 

10 (250 ) J.3 J.5 3-8 4.5 

Table 7.8b-Molsture emission rates for different 
thicknesses of concrete (w/cm = 0.40) 

lin. 4 in. 6 in. 8 in. A.,·eragc. 
Oa~·lri (5 1 mm) (100 mm) ( ISO mm) ( 24)0 mm) irt. ( ltlut) 

3 ll.2 \6.44) 15.9 (7.76) 15.5 (7.51) 13.4i6,54) 14.5 (7.08) - ,-
7 7.4 (J.6 1) 7.9 (J.86) 7.8 (l.81) 9.6 (4.69\ 8.2 (4.00) 

14 5.4 (2.64) 5.7 (2.78) 5.2 (2.53) 5.5 (2.69) 5.5 (2.69) 

18 4 4 (2.1!i) !i,I (2,.S9) 5 .1 (2.49) .t,~ (2.J4) 4 ,9 (2.39) 

22 4.7 (2.29) 4.1 (1.00) J .9 ( 1.90) 4.l (2.IOj 4 .) (2.10) 

28 3.S ( l.71) J .7(1.81/ J.5 ( 1.71) .$_2 (2.05) 3 .7 (1.8 1) - r- -
32 3.3(1.61) 3.70.81) J .5 ( 1.71) J .6 ( 1.76) 3.5(1.71) 

42 3.7(1.81) J.5(1.71) 3.4 ( 1.66) J .6 ( 1.76) 3.5(1.11) 

49 2 8(1,371 3 0(1,46) 3 1 ( 1.51) 2.J (1.12) 2,80,37) 

Although slab thickness has no effect on the time needed 10 
reach a g iVl!'I\ MVER, thickness affect~ 1he rime needed w 
reach a given RH within the slab. 

7.9-Effect of curing 
Monfore ( I 963) measured RH a, the middepth of 3/4, .l, 

and 6 in. (19, 76, and 150 mm) diameter concrete cylinders 
having 0.4 and 0.6 w/c and moist cured for 7 and 84 days 
before they were dried. for 1..he 3/4 in. (19 nun) diameter 
cylinder. an extended curing time had little effect on the time. 
to dry 10 a RH of90% al middepth. For die 3 and 6 in. (76 
and 150 mm) diameter cylinders~ however, the time to dry to 
n RH of90% at lhe middept.h atler extended curing increased 
from 20 10 30 days and from 83 to 141 days, respectively. 
Figures 7 .8 and 7.9 show that extended curing delays drying. 

Hedenblad ( 1997) developed correction factors to account 
for the effect of curing conditions on c.oncrete drying 
(Table 7.9). As shown by these correction factors, any 
curing period longer than I day can significantly extend 
drying times. 

Delerrnining the curing method. and especially the curing 
time. requires consideration of the curing effects on desired 
d1ying times and concrete surface properties. In the absence 
of any concentrated floor loading, surface strength require• 
ments for concrete should at least equal the strength of the 
adhc-..sivc used for flooring. Suprenant and Malisch ( I 999a) 
1csted adhesives that failed in pulloff tests at stresses ranging 
from 30 to 50 psi (0.21 10 0.34 MPa). Based on this dala. a 
moist~curing time of I to 3 days should provide adequate 

NOTE: THE TIME IN THE DIAGRAMS IS 
COUNTED FROM THE START OF DRYING 

Time from stan 
of d rying (months) 
s~---~----~---~---~ 

5>------+----+------+-----t 

41-----1----+----f-----i 

31------+---------+-----< 

0.6 0.7 0.8 w/c 
Drying to 90% relative humidity 

Time from start 
of drying (months) 
6 

5 

• v/ 
✓-

·C/ • /.. 
4 -
3 

2 

l 

.j ... 

-,~ 
J,'/, 

1,1 
II 

0.4 0.5 0.6 0.7 0.8 w/c 

Drying to 85% relative humidity 
(curves somewhat less reliable than above) 

• • • • • Typical case e: 4 weeks' rain 
- - Typical case a: Normal case 

---- - Typical case d: Drying prevented for 4 weeks 

- Typical case c: 2 weeks' rain 
----• Typical case b: Short curing period 

Fig. 7.8- Weight loss and fotenwl RH at 3/4, J. cmd 6 in. 
(19, 76, and J 50 mm) cylinders for conc,-e1es wilh w/c ql' 
(a) 0.4: mu/ (b/ 0.6 (Mo~fore /963). (Nole: I in. = 25.4 mm./ 
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Fig. 7.9- Ejf<'Cf q/'e.wended curing- (84 days) on RH/or concrete wit!r a w/c qf 0.4. Compare to Fig. 7.8.for the same conc,-ete 
that was cure<lfor 7 days to show how exre,u/e.d caring increases tby ing time (Monfore J 963). 

Table 7.9-Relatlve factors for effect of curing on concrete drying time 

C11ring cqndi1ions 0,5 

IJTyini toncrc11: h,) llH of· 8S¾ 

I <by of curing 2 

4 wee-ks of moist air 2 

2 weeks of ram 
2 

2 week-$ of m()is1 ai1 

4 weeks of min 2.8 

surface strength. especially when the surface preparation 
removes any weak lop surface skin. For highcM>trcngth 
coatings. such as epoxy, 3 to 7 days of moist curing might be 
needed, Manufucturcrs' dat;.l on adhesive strength would be 
helpful io set1ing the optimum curing time. 

H'/r-

0,6 0,7 

90'/4 8$% 90'/4 8$¾ ~,. 
I 

I 

2 

2 

2 I 2 ... -
2 IA 2 1.6 

2 2 2 2 

2.8 2.6 2.S 2.6 

7.10-0rylng of mature concrete 
Because fresh concrete loses moisture more slowly after 

a longer moist.curing period, mature. concrete might be 
expected to dry slowly after rewetting. Hedenblad ( 1993) 
studied the drying behavior of well-hydrated concrete speci­
mens thac were more ,han a year old. Aller rewetling, the 
mature concrete specimens of different thicknesses and 
w/c were allowed to dry a, 50% RH and 7/Y'F (21 °C). He 
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measured tbe internal RH al u dcplh or 40% of the sfob thick­
ness for onc•sidc.-d drying. and 20% of lhc slab thickness 
for 1wo-sidcd dryiog. Rcwcucd nuuure concrete wi1h a w/c 
of 0.70. and drying from one side, took 515 days to reach 
85% in1crnal RH. To reach the same RH level. newly placed 
concre1cs with the same w/c 100k 184 days when cured for 
I da)\ and 258 days when curt-d ror 4 wt.-cks. 

7.11 - Effect of drying environment 
Abram, and Orals (1965) subjec1ed 3 Ii (910 mm) square 

by 6 in. ( I 50 mm) 1hick slabs. drying from bo1h sides. 10 RH 
cnvironmcn1s of 10, 35, 50, and 75%. They mc.asured RH a1 
mid-depth or the slab. Table 7.1 la shows 1he eOce1 of envi­
ror.uneo1al hum_idity on drying time-al a consiaa, 1enipcn:i:ture 
of70°F (21 °C). 

As Table 7. t I a shows. 1he lower the internal Rl I targe1, 
the longer it takes 1.0 re.ach thar target a1 a given environ-

Table 7.11a-Effect of environmental humidity on 
drying time, months 

Oryin11, time for dllfertnl Internal 1·ela1h·e 

Cm ·iron,utnlul rc:l fllin: 
hurni,lil )'. m()nlhS 

bunddh)'. o/11 951/. 7So/., 50°/4 

10 0.6 2.1 :?0.5 

JS 1.0 37 2$,0 

so 1.2 8 -
1; 1.2 - -

. . . NQ!c: 'hn1.$1dcd dry1n111nd 1.n1mul RH mc:i<.uf'OO m m.ild.."f'th•1f6 u\ ( ISO n,m) 
1h iek $f)«lll\Cll 

' 

Table 7.11 b-Relative factors for drying time due to 
exposure environment 

f~ehuh ·c humidity I)( I-
Air- ll'-mptor:uu~, Cf (°C) 

lht. • ir, % SOCIO,) 64 ( 18) 77(15) 86 (30) 

5-0 2,00 1.50 1.17 LOO 

<i<) 2.l7 1.67 1.33 1, 17 

70 1.33 l.~.l 1.33 1.17 

81) 2.8.l 2.00 1.67 1.50 

meaull RJ-1. At an environmental RH of 35%, ii took 1.0. 
3.7, and 8.0 mon1hs 10 reach internal RH at middepth of 90. 
75. and 50%, respectively. Lowering the environmental RH 
allowed the specimens lo dry faster. with the greatcsl effec1s 
bci.ng for n lower targete<l inlernal RH . The dashes in the 
table indicate that specimens had not reached 1he iargeted 
in1c.:mal RH uller 28 mon1hs or drying. 

In the fie ld. concrete is likely 1.0 be exposed to ambien1 RH 
ranging from 35 ,o 75%, depending on geog;raphic-al location 
and l ime of year. A considerable difference in d1ying mies 
should 1hos be expec.1ed for concrete slabs built in different 
locarions and during diffe-ren1 seasons. 

Hcdenblad (199'7) developed relaiive liic1oni for 
concrele dryiug lime based on 1he exp0sure eovironmeut 
(Table 7 .1l b). No1e that at 50% RH, reduciug the 1empera­
rure from approxima1ely 85 10 50°F (29 10 I 0°C) doubles 1he 
Lime required to reach a RJ4 iarg_et. Al approximately 85°F 
(29°C). increasing 1be RH of the exposure environment from 
SO 10 80% increases 1he required concrete drying 1ime by 
approxi,nately SOC¼. I ledenblad's ( 1997) data indicate that 
concrete drying 1iine is more sensi1ive to changes io ternper­
ature than iris 1ochanges in RI I. 

7.12- Drying at exposed edge 
Usi,,g Rl I probes at nvo different levels in a 6 in. ( 150 mm) 

thick slab~ Abram~ and Monfore (1965) showed how 
edge drying affects RH me.a~urements on che slab imerior. 
Table 7.12 shows r1,a1 the extent of dle edge dryiilg effect 
is limited to approximately tl,e thickness of Lhe slab. The 
RH measurements 6 in. ( 150 mm) away from the edge are 
approximately the same as the measurement.~ in oLher parts 
of the slab interior. 

7.13- Drylng of lightweight concrete 
Smdies of lighrweight concrete drying time indica1e that 

It dries more slowly than normalweight concrete (Kana.re 
2005; Suprenant and Malisch 2000c: Craig and \Volfe 
2012) . Using calcium c.hloride test<.. Suprenant and ?vlalisch 
(2000c) compared MVERs of uomlalweiglu and light• 
weight concre.tes with a w!c of 0.4 and exposed to ihe same 
drying environment The normalweight c.oncre.te dried to 

Table 7.12- Effect of edge drying on relattve humidity In a 6 In. (150 mm) thick slab 

Rdath•e humidit)', o/u 

80 .tays 1 3(1 dit .)'S 175 da,i,3 
l>iJCUIU'.~ from (':.'1:J>l)SCd 

editl'. In. (mm) 2 ln. (! I nun) J ln.(76nim) l ln. (51 mm) 3 ln. ('76 mm) 2 In. ('I mm) 3 In. (?6 mm) 

2 l5l > 19 82 72 77 63 ~ 

4 ( IOU) l!4 87 77 82 70 15 

6 ( 150) 85 88 78 81 71 76 

8 (200) 86 88 so SJ 72 75 - - ... . . . ,_ . . . . . 
10 (250) 86 89 81 83 73 76 

12 (300) 86 88 so ~2 73 15 

)6 (410) 86 80 71 

20 (510) S? "" XI SA n 1$ 

No1c: Oryine from boch s•lk:s nnd «lie <'"f~ ,o 13•1~ (lj"(').1;nJ I~ RU 
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Fig. 7.13-RH measurements by Kanare (2005) showing that lightweight concrete takes longer to dry than norma/weight 
co11cre1e. 

3 lb/I 000 ft2/24 h ( 1.5 kg/ I()() m2/24 h) in 46 days whereas 
1he lightweight concrete dried LO 1hai leve1 irl 183 days. 

Using RH measurements. Kai1are (2CM)5) found that 
normalweight concrete dtied to an i,uemal RII of 75¾ in 
approximately SO days where.as d1e lightweight concrete 
took approxionaiely I 6() days 10 reach 1hat level (Fig. 7.13). 

rn a noncont,·olled, watenigln environment where ambient 
temperntures ranged from 47 .6 to 99.S"F ($. 7 to 37.svC) a!ld 
ambiem RH levels ranged from 21.4 to 84.3%, Craig and 
Wolfe (2012) found d1at il took 2 16 days for normalweight 
concrete (wlc of0.50) to dry to a 2.6 lb ( 1.2 kg) MVER. At 
the. same lime, lhe lightweight concrete (w/c of0.50) MVER 
was at 3.2 lb ( 1.5 kg). Al I 80 days, rhe internal RH of the 
nonnalweight concrete. was 85.5% whereas the lightweight 
c-0ncre.te measured 90.7%. At 273 days, the normalwcight 
internal RH was 80.2% whereas lhe lightweiglu concrele 
measured 86.6%. TI1e conclusion of this srudy was that the 
time necessary for concrete. to di)• to an acceptable level is 
greally affected by ambient conditions and it c.an be a chal-­
lenge for both nonnalweighl and lightweight concrete to 
dry to an acceptable level in a short period of time in non­
climate-controlled conditions. 

CHAPTER 8-VAPOR RETARDER 

8.1-lntroduction 
Below-slab vapor retarders are intended to limit water 

vapor from entering concrete slabs in contact with the 
ground. Vapor retarder products are typically plastic in 
sheet or roll fomt. ~·luhi-laycred composite materials and 
fluid applied membranes have also been used for ccnain 
applications. 

8.1 . l Compositio11-Mosl materials used for bclow•s lab 
moisture protection arc plastic. There arc many variations 
in the type and grade of res in used lo crcalc plastic vapor 
retarders. Some plastics arc created from 100% virgin resin 
whereas others arc created with high percentages of repro­
c..-csscd materials. Some plastics arc low-density whereas 
others arc high-density. 

Previously, 4, 6, 8, and I() mil (0. 10, 0. 15, 0.20, and 
0.25 mm) low-density polyethylene sheetiog was used as a 
below-slab vapor barrier material. However, cul'rently any 
material used as a below-slab vapor ban-ier should C(utfol'm 
to the minimum requiremems of ASTM E 1745. 

8.1.2 VtitN>r reumlers ""d vapor barriers- Historically. 
the cons tructio11 industry used the term .. va1,or barrier" to 
describe a wide ra.11ge. of r,olyethyleoe-based materials 
1,laced below concrete s labs-on-ground. However, because 
polye.thylene dot!'$ not completely stop the trnnsmis..~ion of 
water vapor. it was considered more ap~,roprime to ca11 these 
products "vapor retarde.1•s" insre.ad of"var)or battiers". 

ASTt\•t E 1745 does: not use or define the Lerm "vapor 
barrier''. In ASTM E 1745, vapor retarders are required lo 
have a maximum penneance of 0.1 perms. By definition, 
I perm equals the transmission of I grain of water vapor 
pe.r t\2/h pe.r in. of mercury pressure. There. are, however, 
nume.rous floor flooring and coating materials with pem1e­
ance levels below 0.1 perm. To provide a higher level of 
below-s lab moisture protection than 0.1 perm, there are 
today numerous vapor retarder materials with pemteanc,e 
levels IO times lower than 0.1 pem1. for critically sensi­
tive flooring and coating insmllations owners. designers, 
engineers. manufoc1urers, and contractors can reference 
ASTh·1 E 1745 and ob1ain a g_re.ater leve-.l of moisture protec• 
tion by modifying I.he acceptable penneance level to 0.0 I 
perm as measured both before and after the conditioning 
tests required in E174S. At the 0.01 penn level, there are 
industry professionals who believe that the tem1 •·vapor 
barrier· could be reconsidered for use 10 help differentiate 
between the two acceptance kvcls. 

8.2-Vapor retarder location 
For many years, specifiers called for a grnnular bJottcr 

layer to be placed bctwcc11 the concrete and the vapor 
retarder rather than to place concrete in direct contact with 
the plastic. As with many engineering decisions. the loca­
tion of a vapor retarder is often a compromise between 
minimizing water vapor movement lhrough the s lab and 
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providing the de.sired short· and long-tem1 conCrelc proper­
lies (Suprenant 1992; Suprenonl and Malisch 1998b). \Vhilc 
there arc numerous com.:rctc-n:la1cd benefits to placing a 
granular bloner layer over 1hc vapor rewrdcr. it is generally 
acccptc<l thal lhc bcncfi1s do nol outweigh the risks when a 
mois1ure-scnsitive llooring muterial is 10 be installed over 
1hc slab. 

8.2.1 Benefits of concrete placed on a gr(lnu/ar layer­
Finishers prefer 1ha1 concrete be placed on tt gr.tnular base 
because 1.hc base nbsorbs mixing water, shor1.cns 1he bleeding 
period. and allows floming 1.0 siar1 ciirlier. Au:i.tralian 
researchers no1cd that 4-ln in. ( 11 O m11.1) slump concrete 
placed on a granular base lost i1s bleedwater sheen approxi­
mately 2 hours fas1er 1han the same concreie pJaced direc.1ly 
on a vapor ba1Tier (Anderson (111d Roper 1977). 

Base c-0nditions also affecL concrete s1iffcning. In 1es1s 
perlorlTled by Suprenani and Malisch (19981.>), 2-1/2 in. 
(64 l'Hm.) slump concrete was use.d for l:\VO 4 x 4 11 ( 1.2 x 
1.2 m), 4 in. ( 100 m.m) thick slabs. Qoe. slab ,vas placed 
directly on a vapor retarde-r, and the 01her on a crushed 
StOrle base. TechrticiarlS periodically set a steel-shot-filled 
rubher boo1 weighing 75 lb (34 kg) on tbe St1rface and 
measured the roo1print indeotation. Concrete on the stone 
base had sti!Teoed enough after 90 minutes Lt) allow a I /4 in. 
(6.4 nHn) footprint i1tdenta1io1)-an indication 1ha1 tloatiog 
c-0uld begin. C-Onc.rete placed directly o,, the va(>Or retarder 
required 45 more minutes of stiffening time before it was 
ready for floating. 

Specifiers who had requfred a granular bloner layer cited 
additional benefits that include less chance of: 

(a) Puncturing the. vapor retarder 
(b) Surface blistering or delaminaLions caused by an 

exte.nded bleeding period 
(c) Settlement cracking over reinforcing sleel 
(d) Slab curling during drying 
(e) Cracking cause.d by plastic or drying shrinkage 
(f) Dominant (extremely wide) joint development that 

occurs when concrete is placed directly on a low-.friction 
vapor retarder and all the joint~ do not activate 

Specifie.rs that in the past had recommended using a gran­
ular blolter layer called for a 3 or 4 in. (76 or 100 mm) thick 
layer of trimmable, compactable, self-draining granular fill 
for the blotter )ayer. Although concrete sand was sometimes 
used, sand does not provide a stable working platform. 
Concrete placement and workers walking on the sand can 
disturb the surface enough to cause irregular floor thickness 
and create sand lenses in the concrete. 

8.2.2 Risks of placing a granular layer over a mpor 
re,arder-\Vhc.n a granular blotter layer is placed ove.r a 
vapor retarder. care is needed during construction to control 
the moisture content o f the granular layer. In most cases, the 
only way of accomplishing this is to place the slab after the 
building is enclosed and the roof is watcnight. On most proj­
ects, this is not possible, which places the granular layer at 
risk of becoming a water reservoir. 

To provide unrestricted floor access for constmction activ­
ities such as tilt•up panel fonn ing and casting. columns some­
times arcn ' t erected and column blockouts arcn 't filled until 

molllhs aflcr floor placcmenl. If the building is nol closed 
in and wntcrtighl. rainwutcr can CJllcr the granular layer 
through these open blockous.s, Rainwater can also pcne,ralc 
join1s, crncks, uliUty pcnetnations, and open closure strips 
and incre::,se the moisture conh.:nt of the subgradc or granular 
layer. Workers sprinkJing the grnnul&r layer with too much 
wa1cr before concrete placement c~m also crctllC a moisture 
reservoir 1ha1 will <lcJay drying of the concrete floor. 

Wc1-c11ring methods, such as ponding. eonlinuous t-prin• 
kJing, or wt1teN>tUurmed fabric allow water 10 enter joints, 
cracks, and othc-r openings, which will contribute 10 a 
highcr-1ban-oecess.ary mois1u.re con1.ent in n grarJt1ln.r layer 
be11emh the slab. Warer from cons1roc1ion opennions on a 
oe-wly placed slab also can increase 1he granular-layer mois• 
ture conteot by enreriog joints, cracks, or slab openiugs. 
Such opera1ions include wet sawing., wet abrasive blasting, 
wet grinding, or we1 cleaning. 

Rollings (1995} de.1ennined that a 1ile noor fai lure was 
caused by rainwater accurnulaling in a 3 in. (76 mm) lbicJ.• 
sand layer placed b~tween a S in. ( I JO mm) thick c-0ncre1e 
slab and a polye1hyle-oe vapor retarder. One portion of 
1he slab had not been pJac.ed along wilh I.he others, 1hHS 
exposi11g the sand layer 10 rain and mming it into a reservoir 
or trapped water. 

8.2.:3 8e11efiis of concrete plt,ced directly 011 ~·apor 
reum/er- Hrewer ( 1965) demonstrated tha1 concrete speci• 
mens isolated from a moisrure source. at the bottom of the 
specime.n dry ra.~1er than specime.n~ exposed 10 water or 
water vapor at the bouoin (Brewer 1965). Floor covering 
and coating lostallations can thus proceed sooner and at less 
risk of failure where. the coocre.1e. slab is placed dil'ectly on 
a vapor l'Ctarder. If the vapor retarder effectively re.duces 
moisture inflow fmm exremal sources, only water in the 
concrete pores needs to exit 1.he slab. ·n le slab moistul'e level 
requirements should be reached f.1..•aer under the.se condi~ 
1ions. A vapor re.ta.rder directly below the .slab to be covered 
may also act as a slip sheet, reducing slab restraint and. thus. 
reducing random cracking without necessarily increa.'iing 
long•tenn curling. 

Placing concrete direc1Jy on a vapor retarder also elimi­
nates a potential water reservoir in the blotter layer (8.2.3). 
Because more subgrade soil is removed to accommodate the 
additional 3 co 4 in. (76 to 100 mm) thick blotter layer, that 
layer is more like1y to be placed below the finished-grade 
level thus incre.asing the chance of its holding water and 10 

act as a conduil for water vapor that enters the granular layer 
1hrough tears, punctures or unsealed edges. 

Placing conc.rete in direct contact with the ,•apor retarder 
provides the following advantages: 

(a) Reduced costs because of less excavation and no need 
for additional granular material 

(b) Fasler drying oflhe slab 
(c) More positive moisnire protection to the flooring 

system 
(d) Bcuer curing of the slab bottom because the vapor 

retarder minimizes moisture loss 
(e) Ll'ss chance of floor moisture problems caused by 

water being trapped in or entering the granular layer 
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(() Less rndon gas infiltrnlion 
(g) Confom,oncc wilh ASTM F7 10 
When concrete is placc<l direc1ly on a vapor rcwrder, a 1ow 

shrinkage concrcl¢ mjx.ture and cootinuous rcin forccmen1 
can be used 10 help con1.roJ shrinkage. cracking. cur ling, and 
do1u inant joinl activity (Holland and \Valk er 1998). 

8.2.4 AC! 3021360 Task. Group reC'ommendations on w,por 
retarder location- In April of 200 l , a task group from 
ACl Commiuees 302 and 360 issued 1he followi11g ACI 
upda1c in C-011crete lnternat;onal. which included a llow­
char1 to help guide 1he deci.sion-makin,g process. 

The repon of ACI Commiuee 302. "Guide for Concre1.e 
Floor and Slab Construc1iou (AC! 302.IR-96)" states in 
Section 4.1.5 thai " i f a vapor barrier or retai:der is required 
due to local conditions. these prod'uctsshould be placed under 
a minimtun of 4 in. ( I 00 rrun) of trimmabJe, eompac1.ablc., 
granular fill (nor sand)." ACI Commiuee 302 on Construe• 
tion of Conc1e1e Floors and Com1J1i«ee 360 on DesigJ1 of 

Slabs-on·Ground have found examples where Ibis approach 
may have contributed to floor covering problems. 

Bused on the review of the details or problem in.stalJations, 
it became clear tha1 the fill course above the vapor retarder 
can 1akc on water from rain. wet-curing. wet•grinding, or 
cu1ting, and cleaning. Unable lO drain, 1he we1 or sa1,uratcd 
fill provides •m uddi1iom1I So\1.rcc o f waler that concributcs to 
moisture vapor emission 11HCS from the slab we ll in excess of 
the 3 10 S lbl I 000 ft1/24 b ( 1.5 10 2.4 kg/ I 00 1112/24 h) rOCOtn· 
meodation of the Hoor covering manufacturers.. 

As :i result of these experiences, ;md 1he diHicully in 
adequa1ely pro1ecting the fi ll course from \\fater during the 
construction process. ca\11ioa is advised as 10 the use of the 
granular rill layer when moislure-sen.sitive finishes nee 10 be 
applied 10 1be slab surfac.e. 

The commiuees believe tha1 when the use of a vapor 
rern.rder oc barrier is required, 1he decision whe1her lO locate 
the material in direct contac1 with the slab or benea1h a layer 
or granular fill should be made on a case.-by-case basis. 
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JOINTS, CRACKS OR OTHER OPENINGS, USE FIG. 2. 

j2J IF FIGURE 2 15 U$ED,MEA$URES TO MINIMIZE DOMIN.AMT JOINTS, OELAMINATIONS, 8USTERING,. CRUSTING, 
PLASTIC SttRIHKAOli CRA~INO. 8AR SHAOOWIHO AHO SU8SIDOICE CRACIONO 1.0MQm.>OINAl,l,,Y OVER niE 
REINFORCEMENT, REDUCTION IN SURFACE FU.fHESS.. AHO Fl"'SHING TIME WILL UKUY BE REQVIREO. 

131 AT TH£ H:ll!Mm:R, VAPC>ft RET>Jl0£A18AIUU£R SHOULD !'IE TUAN£D UP AND $£At.[O TO WAU., GRAOE BtAM 
Oft $U.S. 

{4j FI.EXIBU CLOSED CELL FOAM PU.HK FUU. DEPTH OF SLAB IWHERf RfOOIREO) wmt ELASTOMERJC JOINT 
HAI.ANT {WHERE: R.EOUIAEO). (MOTE: FO,t.M Pu.MK IS HOT SHOWN IPf FJG.. 2 BUT CAN BE US£0AS SHOWN 
tN l'-IG. 3J 

l'lt 1' H · nc_..,l.ffiw, }11,w 1'lto1N 1'I dr,,v-NN-,, /if (I w,,,, MtN,I,~"'"'" It l'l"q,Wff(fi ,.,,,.,,f •/vw ii k ,_,. Iv pl/Jn'll f,f(:t Jill. l•J 

Fig. 8.2.4- Decisionjl.ow charl to determine if a vapor reta1der is required anti where it is to be placed (AC/ 302. IR). 
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Each proposed insialfo.tion should be independently cvulu­
utc..'<l to consider the moisture sensitivity of subscquenl floor 
finishes. a.n1icipated projecl c.ondit-ions, and the polc-ntial 
effects of slab curling and cracking. 

Figure 8.2.4 can be used 10 assist in <lecidlng_ where to 
ph\~ 1bc vapor retarder. The anlicipatcd bcnefilS imd risks 
a.s.socia1ed with the specified location of the v.tpor rcwrder 
should be reviewed with i-111 appropriate parties before 
constrnClion. 

Since lhe upd;lle was published in 200J, the p0sition of 
ASTM F710, "S1nndnrd Prac1ice ror Prepariog Concrete 
Floors 1.0 Receive Resilient Flooring;' concerning rhe 10(:a­
lion of 1he vap0r retarder below n concrtle floor s1ab has 
changed rrom that of being non-mandatory informatjon to 
being a requirement In the 2008, 2011, 2019, and 2021 
versions or ASThf F71 0. it is a l'C(luiremen1 1ha1 Lhe ,,apOI' 
retarder is lO be in.smiled in direct con1act wi1h 1h.e ur.iderside 
of the slab. The orig:i1,al tlowchar1 was updated 10 re(lec1 this 
req·uiremcnt in t\CI 302.IR in 2015. The current version j s 
now shown. 

moisture contents. They also varied vapor retarder thickness 
and the size of the punctures. 

ASTM C33/C33M concrete sand was placed in twelve 
I 6 in. (4 IO mm) diameter, 3. 75 in. (95 mm) deep molal pans. 
To simulate satumtcd sand, water was poured into eight of 
the pans until the water level was visible jus t below the top 
ofthc pao. They weighed the sand in the other four pans uad 
added 8% water by weight to s imulate a typical optimum 
compaction moisttirc conten1 for a granular subbnsc. Four 
of the satun1tcd sand samples were covered with 8 mil 
(0.20 mm) thick polyethylene sheeting and the other four 
with 40 mil (1.0 mm) thick polyethylene. using duct tape 
to secure the overhangin,g s ides to the pan and prevent 
moisture loss. 

A s imilar procedure was used to cover the four pans 
conuiining lower-mois1urc-conicn1 sand with an 8 mil 
(0.20 mm) thick polyethylene shoe,. In each of 1he three secs 
or rour pans, one vapor retarder was inrnct, one had a 1/8 in. 
(3.2 mm) diameter nail hole, one hod • 5/8 in. ( 16 mm) 
diameter stake hole. and one had an opening C\11 lO 1he size 
of the lid for 1he calcium chloride 1es1 kit 

8.3-Vapor transmission through retarder Moisi.ure vapor emission rules were rneasured lOr all 12 
There are way$ 1hat wa1er vapor can liow thl'oug_h a vapo,· spccirneus. usiog calci1,nn-chloride cup 1es1 ki1s tha1 were 

retarder. Punctures in the vapor retarder or gaps at 1he laps lctl in place for 3 days. After the fi rst iest, 1he fi lled pans 
of adjacem sheets can allow wacer to peoetrate the concre1e. were stored in 1he labonllory for approximately IO weeks 
The perm rating of 1he material establishes 1he. ba~ic flow and 1hen retested for vap0ren1issions. For the re1e.st., no addi-
rate through an uncomr,(()mised vapol' re.Jardel' or barricl'. tional wate.r was added 10 1be sand. 

8.J. I l'erm ra1ing- A~TM E 1745 requires vapor re-tarde.rs A 1/8 in. (J.2 m111) dian'leler- nail hole allowed an average 
10 ha\•e a maximum perm ,ming ofO. I. By definition, I perm MYER of 1.3 lb/1000 ti2/24 h, (0.63 kg/I 00 m2124 h) and a 
e.quals c.he £rans mission of I grain of wale!' vapor per ft1/h/ 5/8 in. ( 16 mm) diametel' stake. hole incre.ased the average 
in. of mel'Cury pl'essure differe.otial. This cao be convel'ted MV ER 10 3 lb/ I 000 f\?/24 h ( 1.5 kg.I I 00 m2/24 h). Because 
m uni Ls of the commonly used M VER (lb/I 000 ft'l24 h), by a 3 lb (1 .5 kg) rate is otien the maximum allowed for instal-
dividing by 7000 grains/lb of water, muhir,1ying by 24 houl'.s, lalioo of' moismre-sensitive floor covel'ings, stake holes of 
and then 01uhiplyi11g by 1000 ft2• this size could conceivably cause loca.Jized flool' covering 

i bis yields a conversion factor of 3.4 lb/I 000 ft2/24 h failures or delay lloor covering installation. The measured 
per in. of mercury pressure. The. flow through a 0.1 perm MV£R thl'oug.h 1he lid-sized opening was approximately 
rat:ing materiaJ is thus 3.4 x 0.1 , or approxima1e1y the same regardless of the s.and moisture contem. and the 
.34 lb/1000 ft2/24 h per inch of mercury pressure.. rate did not decrease after more than 2 months of drying. 

for a slil.b exposed to il. 70°F (21 °C) and 50% relative This suggests that when a granular layer is placed between 
humidity (RH) environmen1 at the top and 50<'lf ( 10°C) a concre.te slab and a vapor rernrder, any trapped moisrure, 
and IOO¾ RH at the bottom, the vapor pressure dHference. whether from raiu, workers sprinkling the layer, or c.ompac• 
is approximately 0.2 psi (0.0014 MPa), or approximately tion, could provide a significant amount of moisture to the 
0.4 in. (10 mm) of mercury pressure. Under these condi• concrete slab. 
tions. the water vapor flow duough a vapor retarder with After ihe retes1s were completed. the moisture content 
a 0.1 penn rating is approximately 0.14 lb/1000 tV/24 h ol' the sand in the three pans with lid .. sized openings in the 
(0.062 kg/ I 00 nt2n4 h). The same calculation for a vapor polyethylene was measured. The moisrure contents of the 
barrier witl1 a perm rating of 0.0 I yields a wa1er vapor s.aturnled sand we.re 18.8 and 15.6% for the 8 and 40 mil 
flow through a vnpor barrier under a concrete slab of (0.20 and 1.0 mm) polyethylene, respectively, whereas 
0.0 14 lb/I 000 ft'/24 h (0.006 kg/I 00 m1/24 h). the moisture content of the 8% sand had dropped to 2.5%. 

Cle.arly, there is a substantial difference in water vapor Surprisingly. even the granular base with a 2.5% moisture 
transmission through a vapor retarder meeting the allow• content emitted water vapor at approximately the same rate 
able ASTM E1745 requirement ofO. I perms and through a as the wetter subbascs. 
product with a maximum pem1 rating of0.01 penus. 8.3.3 Puncture l'('Sis1a11ce--Suprcnant and Malisch 

8.3.2 JJ~uer vapor transmission tltrough p,mcwr-es- (2000b) perfom1cd tests on 6. 8. 10. and 20 mil (0.IS. 0.20, 
Suprenant and Malisch ( 1998d) used calcium chloride tests 0.25. and 0.51 mm) vapor retarders to de1em1ine puncture 
(ASTM F 1809) to evaluate the MYER through punctures resistance when these materials were placed under a granular 
in vapor retarders. They pcrfonncd the tests over intact and fil l. ACI 302.IR fom1erly recommended a minimum JO mil 
punctured vapor retarders placed over a sand subbasc at two (0 ,25 mm) thick vapor retarder. Suprcnanl and Malisch 
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(2000b) showed lbis recommendation 10 be approprfo lc 
when the vapor retarder will be covered with base ma1crials 
thal are 1hc-n compaclc<l. 

The ACI 302.1 R recommendation for minimum thick­
ness was made in conjunction with a recommendation in 
1hc sainc doc-umcn1 lhat vap0r retarder be covered {and thus, 
protected) by i i granuh1r layer. 

The lhickm:ss .tnd sln.:ngth of a vapor re1::,rdcr or barrier 
ror placement directly under I.he ooncre1e slab and ex.p0sed to 
construction uaflic should be coasidcred carefully. Concrete 
truck 1rnm.c. use of IAser-guided screeds. prcsenc.e of pump 
hoses. and reinforcing bar placement uresomeoflbe ac.1 ivi1ies 
duu can cause punctures when concn.!IC is placed di.rec1ly on 
1he vapor re.larder. The specifier shouJd consider 1bese activi­
cies when seloccing 1he approprhue vap0r rernrder material. 
While use of a less expensive vapor-re1arding material mi_gh1 
seem reasonable) 1he added cosc of repairing punc1ures and 
1ears could exceed the cost or using a prod11c1 more suitable. 
for heavy-duty wear. Most ASTM E 1745 Class A 01aterifl lS 
have deino,lstrated adequate pe.rfonnance when subjected 10 

constntclioo traffic. 
8.J.4 Ej]f!ctiveues.,;: of 1'aJJ1)r rew,·der in redudng water 

vapor inflow- Results by Suprerl:lJll :111d Molisch (1998d) 
show that 1he effects of in1acr vapor remrders are similar to 
those. fronl eatlier ce.s'ls by Brewer ( 1965). Brewer measured 
moisture inflow from the subbase imo 4 in. (100 mm) thick 
c-0nc.rete specimens with a n:/c: of(). 70 and placed directly on: 

(a) Compac1ed clay 
(b) Compac1ed clay covered widl a gravel layer 
(c) Compacced clay c-0vered with a va1>0r retarder 
(d) Compacted clay cove1·ed with a _grave.I layer and 

vapor retarder 
Brewer (1965) used two ditfere.1\l va1>0r retardets: 4 mil 

(0.10 mm) polyethylene and 55 lb (25 kg) roofing felt. 
Brewer {J 965) staned measuring moisrure inflow· approxi­

mately I month after the conc.re.te had been placed. At this 
time, the inf1ow for concrete plac.ed direc.tJy on compacted 
clay (converted to units ofdte commonly s1>ecified MYER) 
was approximately 20 lb/ I 000 ft1/24 h (9.8 kg/ I 00 m2/24 h). 
Moisture inflow for the c lay covered with a vapor retarder 
was approximately 7 lb/1000 tl'/24 h (3.4 kg/JOO m1/24 h). 
Thus, an intact vapor retarder over a clay subgrade reduced 
moisture inflow by approximately I 3 lb/LOOO ft!/24 h 
(6.3 kg/ I 00 m'/24 h). 

Moisture mflow for concrete placed directly on a 
gravel layer over compacted. d ay was approximately 
14 lb/I 000 ft'/24 h (6.8 kg/I 00 nt'/24 h). Covering the 
clay and gravel with a vapor retarder had reduced inflow 
to approximately 6 lb/1000 ll-'/24 h (2.9 kg/JOO m'/24 h). 
Thus, an inlact vapor retarder over a gravel subbase reduced 

and 55 lb (25 kg) roofing felt, and Suprenant and Malisch 
(2000b) did not detc-ct differences between 8 and 40 mil (0.20 
and 1.0 mm) polyethylene. It should be noted that muny 
bclow~slab vapor retarder materials loday have considerably 
lower pcrmcancc levels tl1an the low•dcnsity polyethylene 
used in 1hc Brewer and Supcrnant and M31isch studies. or 
the 0. 1 pcnn minimum requirement shown io ASTM E 1745. 
These modern-day low-pcrmcance vapor retarders would be 
expect to result in considernbly lower moisture inflow levels 
than those reported above. 

8.3.S Construction co11cems- Con1ractors should avoid 
damuging the vnpor retarder. Some fonn manufacturers 
muke supports for slab edge forms thal do not require punc­
turing 1bc vapor retarder wilb stakes. Many conlractors use 
jol:>--built edge.form supp<.wts with wide bearing pads to 
avoid puncturing the plastic with c<lg~-rom1 stakes. Brick-
1ype reinforcing bar suppor1s or large pad supports can p0si-
1ion 1he s1eeJ while reducing 1he possibility of puoc-1uring Che 
v:.:ipor rcrnrdcr. Finally, 1he vapc>r retarder should be insrnlled 
by following manufacturers• instn1c1ions and ASTM C 1643. 

Tiu~se practices inc.tude: 
(a) Lapping joinis 6 in. ( 150 mm) and sealing lhem with 

the ma,rufacrnrers recommended sealing tape 
(b) Sealing around all J)Cnetra1ion$ 
(c) Ex1endi.ng tbe vap0r re1arder over lbo1ings and sealing 

the n1a1erial co foundation walls, grade bea1-ns. or I.be race of 
the slab 

(d) Setecting a vapor retarder material capable o r with­
standing po1e11cial cons1mction si1e damage 

(e) Repairing vapor retarder damage 

CHAPTER ~FLOOR COVERING MATERIALS 

9.1-lntroductlon 
The1-e are a variety of floor coverings and adhe.~fve.s. A 

basic koowledge of floor covering matel'ials and the specific 
subsmue requirerne.nts for these mate.rials 1s essential in 
designing a concre1e floor that is compatible wit11 the floor 
covering materials. If 1he project is fast.crack in 11a1ure, or 
con.s1ructed in a climate or time period whe-re ambient 1<ela-
1jve humidity (RH) levels are oon~istently high, the design 
Le.am should antici1)ale that convemional concrete may not be. 
able. to dry 10 the level required within d1e project schedule. 
In these specific cases, a preemptive moisture mitigation 
strategy can be incorporated into the 1)rojec1 specifica­
t.ions and implemented either the beginning of the project 
or included as a contingency for use only if the required 
concrete moisture limits are. not anained by the rime flooring 
needs to he inst al led. 

moisture inflow by approximately 8 lb/JOOO ft'/24 h 9.2-Communicatlon between architect and 
(3.9 kg/100 rn1/24 h). engineer 

Brewer's (1965) values are in the same range as Suprc,-. The arc.hitect and engineer should communicate. to e.nsure 
nant and Malisch 's (2000b) initial and retest values of that the most recenl Constmction Spcc1ticanons Institute 
approximalcly 9 and 11 lb/1000 fl'/24 h (4.4 and 5.4 kg/100 requirements for ffoor coverings are compatible with tlte 
m:124 h). respectively. for lntacl vapor retarders placed over Division 3 requirements for concrete. Slub-on•ground design 
a wet sand subbase. Brewer wasn't able to detcc1 vapor shou.ld bccoordinated with thesclcctionofthcfloorcovcring, 
emission differences between 4 mil (0. 10 mm) polyethylene and vice versa. Ideally. dtc design team will al.so include a 
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flooring consultanl and lhc Boor covering manufacturer. The 
teum may need inpul from several Hoor covering manufoc­
Hirc-rs to allow for differences in product re<1uiremcnts. As 
stuted in Chapter 6, when the specificatioas HTC prepared for 
di.fTercnl flooring t1pplic.ations. ic is not advbablc to rely onJy 
on 1he manu factun:r's installation insLruc1ions. The design 
teum should c.:irefully review floor covering tmd adhc-.sive 
manufacturers· ins1ructions and recommendations plus the 
applicable ASTM s1andards related LO floor covering instal­
lation. Because some lloor covering waminty req11irements 
contradict best practices. 1he d..;sign le.am should ge1 wriucn 
~pproval of 1heir specifications rrom the adhesive and noor 
covering manufacturer. No single design team member 
c.an ensure a succe-ssfol slob design without 1he iopu1 aod 
cooperaiion or 1he ot.her parties. Reducing 1hc p01emial iOr 
a moismre problem aud mee1in,g the owner's expec1a1ions 
requires a team effort 

9.3-Floor covering technical resources 
When sdecting lloor covering ma[erials and writing spec­

ifications fOr substrate preparation and flooring i1lstalla1ion. 
design and co11s1ru<:Lion teams can take advanmg_e of many 
1echnical resources such as reference inanua.ls. handbooks. 
aud recommended wol'k prac1ices published by flooring­
relaied organizalions. Flooring manufacturer's requiremems 
for subsl1-ate preparnt ion may no1 match lhe concrete indusi..ry 
requiremems for floor finishes. Conftictiog ,·equirements 
should be dealt with during the design stage rather than lhe 
conscruction stage. Some specifie-rs, for instance-, address 
co,1.flicting requiremeoL'i by adding the following statement 
to the specificat-ioos: \Vhe.n the s-pecificatioos conflict, the 
contractor shall perform che most rei:aric.rive provision. 

Choosing the a~)plic.able prnvis-ion should not be left. co 
general contraccors or concrete contracro,·s. who may not 
have rhe expertise to make such decisions. TI1e design team 
should evaluate the flooring manufacturer's installation 
re.quiremems and the concrete industry requirements and 
decide how to deal with conllicts. 

9.4- Floor adhesives and coverings 
9.4.1 Adhesil·t.>s- There are longstanding ASTM stan­

dards for various floor covering.~. However, until the intro­
duccion of ASTM D8397 in 2022, there were no ASTM 
standards specifications for flooring adhesives. The solids,. 
to-waier ratio of water-base.d adhesives can V3f)\ which 
makes surface porosity of the slab an important issue. If free 
water in the adhesive cannot be absorbed into the surface of 
chc concrete or underlayment, the adhesive may not reach 
the cured state necessary for a successful flooring instaJla• 
tion. ASTM F3 I 91 can be used to make this detennination. 

Because some adhesives are more moisture•tolcrant than 
others. project delays while waiting for the concrete to d,y 
can sometimes be avoided by choosing a more moisture• 
tolerant adhesive. Even though the more moisture-tolerant 
adhesive may cost more. using i1 may be more economical 
1.han dck1ying project completion. using desiccant drying, or 
applying a moisture mitigation system to the floor. 

Because moisture tolcnmcc and other adhesive propcnics 
vary from product 10 product. substitutions for 1hc specified 
adhesive should be curcfully scnuinizt'U. It should be veri­
fied thai the specified adhesive was used. and placed at the 
proper rate. 

9.4.2 Floor coverings-The scnsitivi1y 10 moisture-related 
condi1ions v{tries from one 1ype of floor covering und adhe­
sive 10 am.'lther. Carpel tha1 allows 01ois1urc 10 pass 1hrough 
ii may perfonn successrully on ti slnb where t1 welded sheet 
vinyl. linoleum, or rubber nooring system would luwe prob­
lems. However, the risk of installing brtathable carpet over 
a slab wilh a suspended moisture level is tha1 mold may 
develop where a nonbrea1hing ma1erial such as a (iJe cabinet 
or plastic desk c.hair pad is placed over 1be carpet 

Wi1h water-based adhe-.sives, the rnoisuire limits for indi­
vidual tiles may va1y from sheet flooring materials. The 
frequent spacing of joints, and the ability wi1h water-based 
adhesives 10 allow ,nore of rhe wa1er 10 evaporn1e. before 
individual tiles are installed, allows many tile produc.1s LO 
have o higher rnois1ure installation limit lhan many welded 
or sealed sheel floorio,g installations. 

Polymer 1errazzo-1ile floors differ from concrete ierrav.o. 
The rnairix of a polymer terrazzo 1ile doe-s not breathe and 
is not as moisture-tolera,u as concre1e 1erraZ?.o. Ten-azzo 
cite. manufacntrers cypic.ally place very restl'ic.1ive inoiscure 
limitS for substrates to be covered by their tile. 

9.5-Effect of moisture In flooring adhesives 
Flooring adhe..o;ives are usually spread on the concrete 

surface and 1.hen le.ft uncovered for varying time pe1-iods 
before. the floor cove.ring is installed. Duriog 1his open time, 
some of the water or solvent in the adhesive evaporates, 
and some may be absorbed by the concrete. To measure 
the water lost by evaporation, Suprenam (2003c) applied 
several different flooring adhesives to nonporous plastic 
plates (Fig. 9.5), then monitored weight loss during and alter 
the ope.n time recommended by lhe adhesive. manufacture.r. 
On1y a small percentage (approximarely 10%) of the wate.r/ 
solven1 evaporated during the open time. The other 90% 
of the water/solvent could presumably either remain in the 
adhesive below the. flooring or be. absorbed by the concrete 
substra1e aller lhe Door covering was placed. In the sn1dy, 
the amount of water lost to evaporation differed greatly 
for the adhesives used. Some adhesives lost twice as much 
water as others. 

Any moisture Lhat remains within an acU1esive atler the 
flooring is instaHed may temporarily alfect the surface pH 
level (Section 5..3). In adhesives with a low solids•to-wa1er 
content. the water that docs not evaporate during the open 
time may be absorbed by the concrete, dissolve alkalis ne.ar 
the surface, and may alone have a temporary effect on the 
surfucc. pH level (Section 5.3). 

The influence of adhesive moisture content on flooring 
pcrfommnce is recognized by some adhesive manufacturers. 
In the past~ a minimum solids-water content of 75 to 25%. 
or no more than 25% water was recommended for adhesives 
used to install wood flooring. While a 25% limit on water in 
a wood flooring adhesive may stitl apply. today. many wood 
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Fig, 9.S-Adlwsives placed on nonporous plastic plmes and 
oJfowed to d!y. The plates were weighed dwing the drying 
process to determine the water loss during the open time and 
then the subsequent amount of water that the co11c,·ete would 
absorb if an impermeablejfoor covering W(IS placed Ot'er the 
adhesive (Suprenalll 200Jc). 

flooring adhe.sives are no longer water~based. Water in an 
adhesive can change the wood moisture conte.Jll, which in 
mrn can adversely affect rite performance of the flooring. 
Thus, while wood warping is often blamed on moisture in the 
concrete. ,he adhesive can also provide. sufficient moisrure co 
cause the wood '° warp. Specifiers should be vel)' specific. 
about the adhesive they require and not allow substitutions 
unless they are sure of the perfonnance of the altemate. 

Fig, 9.6a-Pullojf testingfor vinyl composition tile placed 
011 (:on,·11Jte slab with known moisture 1''1por emissio,r mte 
(Suprenant 2003c). 

the concrete sul'face approximately lhe size of the tile sO'ip. 
After wairing until the recommended ope.I\ lime had been 
reached, the 4 x 12 in. (100 x 300 mm) strips were placed 
on the adhesives and poUJ1ded illto r>lace. The 2 m. (51 min) 
diame1er plugs we.re then placed imo the drilled holes and 
pounded down. 

After the adhesive cured for 3 days. a fast-setting epoxy 
was used co attach a 2 in. (51 nun) diame.ter s teel disc that 
had a 1/2 in. (13 mm) diameter thre-aded rod welded to the 
top. A 500 lb (2.2 kN) capacity hydraulic nun was attached 

9.6- Ellect of concrete moisture on adhesive to lhe threaded rod and used 10 pull lhe. tiles off the floor. 
performance l'ulloff strength 1es1 resulis for the existing floor(MVER of 

Suprcnanl and Malisch ( 1999a) tested the pulloff s1rengd1 1.4 and 1.8 lb/lOOO fl'/24 h (0.68 and 0.88 kg/100 m•n4 h)) 
of several differen1 flooring adhesives that were applied to showed dtat: 
concrete s labs \Vith varying MVERs. Low emission rates (a) Average strength for the epoxy-based adhesive was 
( 1.4 and 1.8 lb/I 000 ft'n4 h (0.68 aod 0.88 kg/100 m'/24 h l) I 28 psi (882 kPa) 
were for a 20-•year~old existing floor, while higher rates (3.7 (b) Average strengths for two solvent-based adhesives 
to 7.8 lb/ I 000 n•n4 h [210 10 440 kg!m'/24 h l) were for lesl were 11 .0 and 29.5 psi (76 and 203 kPa) 
slabs that were more than 6 months old. (c) Average strengths Jbr six water•bascd adhesives ranged 

Three 4 x 12 in. (100 x 300 mm) vinyl composition strips from 7.010 38.5 psi (48 to 265 kPa) 
were core-drilled to produce duce 2 in. (S I mm) diameter Figure 9.6b shows the pullolf sncngth test results for 
tile plugs. This allowed three pullolf tcs1s for each adhesive concrete s labs with different MVERs. There is a trend toward 
tested (Fig. 9.6a). Adhesive manufocturcr•s roconuncnda~ decreasing strength with increasing emission rate, as shown 
tions were followed for adhesive thickness. trowel size, and by the dashed lines, but there arc some anomalies. Also 
open time when spreading each adhesive to oover an area on note the wide spread between d1c top and bottom dashed 
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flg. 9.6b-Pul/qlf test n•srtlts for d[tferent adhesives o,i 
concrete slabs with diffel'(!Jll moisture vapor emission rotes 
(Suprena111 a11d Malisc/1 1999a). (No,e: I lb/ 1000/r'/24 h = 
0.488 kg/lOO m 1/24 h.) 

lines. Some adhesives pe.rfonned much beuer lhan 01he.rs. 
bu1 perfonttance wasn't oecessarily related 10 1he generic 
adhesive class. For i,1smnce, the water-based No. I adhe­
sive outperformed 1he solvent-based No. 2 adhesive, but the 
solvent-based N l). I adhesive outpe,·tbrmed the water-based 
No. 2 adhesive. 

More dam on the. relarionship between adhesive. proper­
ties, such as te,nsile 01· shearing strengdl ,rnd performance of 
Lhe adhesives oil concrete substrates, are needed. 

CHAPTER 10-0ESIGN ANO CONSTRUCTION 
RECOMMENDATIONS 

10.1-lntroductlon 
These design and consouction recomme.ndations are 

based on the information presented in the previous chap­
ters. f igures 10.1 a and I 0. Lb illustrate the effeccs of several 
variables on drying time and pH. Specifications will usually 
include clauses related to: 

(a) f,.,foisture testing 
(b) Moisture mitigation systems 
(c) Below~slab vapor retarder 
(d) Concrete materials and prope1ties 
(e) Curing 
(t) Protection 
(g) Surface preparation 
(h) Repair materials 
( i) Floor covering materials and adhesives 
Bec-ausc conditions for a project can be unique. the design 

team should review general recommendations regarding 
the items Jistcd. decide. which to incorporate. then rephrase 
1.hem in specification (mandatory) language. The resulting 
specification should also be reviewed by the floor covering 
and adhesive manufacturers before it is issued as part of 
I.he project documents. If manufacturers of these flooring 
or adhesive products do nol agree with requirements in the 
project specifications. either the specifications or products 
should be changed. This helps ensure that the warranty for 
flooring or adhesive products rcm~lios valid. For special 
flooring applications. a prcbid review by several flooring 

Conc::NM& Mi:tte(iall 
•-(wlcmJ 

I 

Fig, JO,Ja- Water-ceme111i1iou.s material ratio (,v!cm) is 
the prima,y concr(1le property affeclillg M.VER. The lowest 
,1,r.ie represell/.s lhe lowest wlcm. At the same w/cm. wet 
,·11rb1g (lu'ghesl curve) lnc:reases the time needed to rem:h a 
re111u'red MYl:R. lfc:011c,·rele ls le.ft unprolected. each rewef­
ting increases M V£ R. I/ there is tu> \'hpor retanle,: or if1he 
,-ewrtfer 1s breaclwd by poor laps or p1m"1ures. k fVEN does 
1101 reach tm equilibrium polut. 

• 

pH 

- ~ ing :\ ,, ,: 
' . 
' ' . ' ' . • • ' . ' . • ' 

Fig. 10.Jb--Alihough carbcmmlou of 1he surface redm:es 
pH. rewetling can ,Ussolve more , ,llmliJ._ ruisirrg the pH. 
Abrasive blasting or other :mrfi1c,·e pn:pamticm nu:tht,ds ,w, 
1-emo1'e all or part of flu: ,·arbonnted lay,u; increa.sing th<! 
pH Water c,·(m utlm!d b r J/re adhesive ,·tm also Jemp0rarily 
iut;,.ease tire p f/ oft/re smj'ace. 

installers migh1 also help the design team work out any 
disagreements before construction begins. The importance 
of evaluating the effect's of changes in specifications or 
scope of work is illustrated by two case studies described in 
the Appendix. 

10.2-Moisture testing 
The following moisture testing recommendations should 

be considered: 
(a) Moisture testing should be perfom1cd by a qualified, 

independent agency (World Flooring Covering Association 
2001). 

(b) Those performing moisture tes1s should hold a current 
ICRI Moisture Testing Technician Grade J Certification. 
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(c) If 1bc flooring or i1dhcsi"c manufacturer only requires 
1csting by ASTh1 F 1869, require thin in-place concrete 
internal relative humidity (RH) 1csts (ASTM F2 I 70) also be 
performed. 

(d) For repair materials or underlaymen1s, a moisture 
conten1 of the repair nunerial should be specified and 
me-.tsure<l wi1h eilher a specific meter or a calcium carbide 
1est, whichever is recommeoded by 1he m1:mufac1urer of 1he 
rcp;)ir m::i1erial or underlaymen1. 

(e) On large projecis. prior h.> performing the fu ll number 
of mois1ure tests currently rt."t)Uired by the ASTM s1andards1 

a lesser number or pilot tes1s can tirst be pcrfonnOO on each 
concrete placement No fewer than six pilo1 1es1s should 
be pcrfonncd on each conc-rete placerucut tf 1be pilo1 11..-s1s 
do .not show 1hai the slab is m 1hc rcc.1uired moisture level, 
there is no renson 10 expec1 that a greater nu,ober of 1csts 
would pro,ride different results, However, if 1he pilo1 tests 
do pass, che foll ASTM-complianc number of tescs should be 
performed LO C-Onlply with 1he ASTM standards and the 1loor 
covering and adhesive manufacturers requirements. 

(f} lr1 Const,·uction Spccifica1io11s l1iSti1mc (2000), S~tioo 
No. 15-00, the general contractor or co,1sLructio1, manager 
sho1.1ld be advised thai enviromnenial comrols will be 
required during moisture testiog as pe.r the desigoated ASTM 
standard selected for 1he test 

10.3-Vapor retarder 
Vaf)Or retarde.r locaLion is a critic.al decision. but compo­

sition, perrneance, thickness. and installation methods for 
the retarder should also be conside.red. Recommendations 
include: 

(a) For floor covering or coating installa1ions, concrete 
slabs are to be placed directly on the vapor retarder. 

(b) Vapor retarders should contemn 10 the minimum 
requirements of the most current version of ASTM El745. 
This standard shows physical pro1,crty requiremenL~ divided 
imo three classes: A, 8, or C. Class A, B, and C vapor 
recarders all have the. same 0.1 perm water vapor penne,.. 
ance requirement bu1 differing tensile strength an-d puncture-­
resistance requirements. Class A has the highest strength 
and puncture resistance. and Class C has the lowest. The 
choice in physic.al properties should be based on conditions 
expected during constmction. Such conditions mi gin include. 
exposure to puncture or tearing by angular subbase parti• 
cles. traffic from concrete trucks, laser screeds. or concrete 
buggies directly l'>n the vapor retarder or over reinforcing 
steel laying on the surface ofihe retarder. 

(c) The specifier should examine the perfonnance proper• 
1ies after the conditioning tests called for io ASTM E 1745. 
Such properties include flame spread, permcancc, puncture 
resistance, tensile strength. wetting, drying. soaking. he-.at 
conditioning, low temperature conditioning. soil organism 
exposure, soil poison petrolcrnn vehicle exposure. and expo-­
sure to ultraviolet light. 

(d) Lt should be determined whether a vapor retarder with 
a 0.1 pcnn rating is sufficient protection for the flooring 
material to be installed. lf not, a vapor retarder with a 
much lower pcm1cancc than 0.1 perms should be spcci.ficd. 

Below-slab vapor re(nrdcr malcrials with penncancc levels 
well below 0.1 pcm1 before: and aflcr conditioning tests arc 
available. Low-pcnnenncc flooring matcriuls or Ooor covcr­
in&5 wilh low moisture rcquiremen1s (3 lb/I 000 tt2/24 h 
[1.5 kg/100 1112i24 h). 75% internal RH) will benefit from 
the use of a vap0r re1ar<lcr ma1crial with a pem1c-,itnCc level 
well below lhe currenl ASTM minimum requirement. 

(e) 11 should be considered whether the published male­
rial properties specified are sunicient or if a minimum 1hick­
ness of the vapor re1arder should be specified. ACI 302.1 R 
rt..'<iommencJs 1hm the thickness of n_n ASTM E 1745-
compliani ma1erial be selec1ed on 1bc basis or protec1ivc 
needs and durability duriug a11d alter con.s1ruc1ion. When 
tJ1e vapor retarder js subjected io irafUc, it should meei the 
ASTtvt E 1745 class A requirements. Some specifiers and 
contrac1ors hnvc observed slab placemen, traffic 1.earing 
1 O mil vaJ)Or rern.rdc-rs and require 1hm the vapor retarder 
thickness be IS rnil (0.38 onni) or greacer. 

(f) lnscallacion should be in accordance with ASTM E 1643. 
(g) Referencing ASTM E 1643 requires the <:omrac1or 

lO follow the- rnanufoc.rurer's instructions fo1· placement 
(including laps and sealing around pene1.rolions and founda­
tion walls), protection, and repair. ASTM El 643 requires the 
co1uractor 10 use reinforcemem suppOtL5 lhat do ,,01 punc­
rure lhe vaJ)Or retarder and to repair aoy damaged areas. 

(h) Inclusion of some of Lhe c-0nsLructi<lrl items mentioned 
in ASTM El 643 in the te.xt of the project specificatio11s 
should be COll);idered (for exarnple, "Place vapor retarder 
sheeting with the loogest dimension pa.mild with the direc­
Lioo of I.he concrete pour". Lar> joints a mininn11n of<, in. 
( I 50 mm) o, as instructed by the manufacturer·. "Seal laps 
in acc.ordance with the manufocmrer's recommendations··. 
Construction-related requiremc.nts included only in cited 
standards are more difficult for the contractor to find and 
comply with. 

10.4-Concrete materials 
.>\s discus..,;;ed in 7 .6, there is no re-.ason to include or 

exclude. the use of waler-reducing admixnires, cements, or 
supplementary cementitfous materials as a means for influ­
encing concrete drying or moismre emission rates. There 
is evidence. that concretes containing silica fume dry foster 
than concretes without silica fume. Silica fume. however, 
is rarely used in concrete s labs that receive floor coverings. 

Lightweight concrete does not dry as fast as nonnalweight 
concrete. Specifiers who choose 10 use. lightweight concrete 
will nee.d m consider means for dealing with rhc increased 
drying time. Such means may include tbe selection of floor 
coverings or adhesives that can be placed on concreles at 
higher moisnll'e levels, or the application of a moisture miti• 
gation system confonning toASTM F3010. 

10.5-Concrete properties 
As discussed in 6.7. concrete drying time is related to the 

wlcm, indepcndcm of whether the wlcm was adjusted by 
varying the cement or water content. Both Brewer ( 1965) 
and HcdcnbJad ( 1997) showed tha1 concretes with the same 
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wlcm took the same lime to dry 10 a given state, whether~ 
watcr-rc:ducing admixture w;-ts prescn1 or not. 

1 O.S. I Selecting a w/cm-ASTM F7 I 0-21 contains sta1e­
mc.:n1s concerning wlc in the Appendix (nonmandatory 
infonnation): 

··Moderate 10 moderately low wa1er-ccmcnl ratios (0.40 
to 0.45) can be used to produce floor slabs that crm easily be 
placed. finish<.."-CI. Md dried, and which will have nccepH)blc 
penneabili1y 10 moisture. Floor sJabs with wH1cr-cemen1 
ratios above 0.60 cake an exceedingly long 1ime to dry and 
cause adhesive or noor coverings, or both, 10 fail due to high 
mois1ure pem1eability, Floor slabs wi1b wa1cr-ccmen1 raiios 
t1bove 0.5-0 take lon.,ger to dry nod onen resul1 in 1he project 
baviug LO install a IOpical moisture mi1igation sys1em to 
meet 1he floor co,1eriug and adhesive requiremen1s. 

"A 4 incb ( I 00 mm) 1hick slab, allowed 10 dry from only 
one side. batched al a water-cemen1 ralio or 0.45. 1ypicr1lly 
requires approximately 90 1.0 120 days to achieve a mois­
ture vapor emission rme- (MVBR) of 3 lb/1 000 ft1 per 24 h 
(1.5 kg/ I<)() rn2/24 h). The import,rncc or using a modera1e 
to moderately Jow water-cement rario for floors 10 recc.ive 
resilient ftooriug c.aonol be ove.remphasized.•· 

Usirlg a w/cm or 0.40 10 0.45 will typically produce 
c-0ncrc.tes with c-0,n1,te.~sivc strengths between 4500 Md 
5000 psi (3 1 co 34 MPa). Co,,c,rete with 1hese strengths 
due tO higher cementitious content are likely to have an 
increased pl)tential for shrinkage, curling, and cracking. If a 
shor1 COrlcrete drying time is critical, a wkm of 0.40 to 0.45 
may be ap1>ropriate. Suprenant and Malisch (199Xa) found 
that concrete-s with a wlcm less than 0.40 l'eached a .given 
t-.•1 VER at the same time. as concte.Le with a w/cm of 0.40. 

In l'egion.s of Lhe country where ambiem Rt-I levels are 
consistenrly below 50%, iL is possible fot lhe desired mois­
ture state co be reached within 90 co 120 days of the building 
being tot.ally closed in, watenig.ht, .and brought to an iiue~ 
rior temperature of ill least 70°F (2 I °C) using concrete with 
a 0.50 wkm. Such a concrete is mol'e economical and has 
e.nough paste to pe.rmil the. finishing steps needed to produce 
the specified surfac.e fioish and tlamess. Water-reducing 
admixtures, a nonbumished c.oncrete finish, and cover curing 
methods can be used Lo produce concrete that when exposed 
to favorable drying c.onditions. can dry Lo an accepLable level 
within 90 to l20 days. For projects where ambient RH levels 
are consistently high. or the project schedule cannot accom• 
mod.ate an exte.nded drying time after the building is closed 
in. a rapid drying concrete mixture or a topical moisture 
mitigation system can be used. 

If a concrete slab is exposed to re-wetting from rain .. 
water, or other sources. drying will be delayed, Using a low• 
wlcm concrete to reduce the time oecded for slab drying is 
of doubtful value if the slab will be exposed to weather for 
3 to 9 months after placement. The required concrete drying 
time is as much related 10 1he time of the lasl wetting as il is 
to the original wlcm. 

Specifying a wlcm of 0.50 is typically cquivalenl to 
requiring a specified compressive strength/;' of 4000 psi 
(28 MPa). Specify both w!cm and the corresponding 
compressive strength. AC'l 318 code requirements do 1101 

usually govern de.sign and c-0nstruction or sojl-supportcd 
slabs. bUI the following quote from the code commentary 
is noted in support of this suggestion: ·'Selection of an/;.' 
that is consisteo1 wi1h the water-cemenlilious ma1erials ra1io 
selected for durability will help ensure tha1 the required 
wa1cr-ccmentit ious ma11.;rk1ls ratio is ac-i.ua11y ob1ained in 
the field." 

This indica1es 1ha1 compri"-S.Sivc: s1rength 1ests can be used 
indirec1Jy to verify 1he wlcm. Field me<l$uremen1s of wlcm 
for fresh concre1.c are no1 rcl.iablc enough lOr use in as:;uring. 
that Lhe Specified value hf1S been Achieved. 

10.6- Surface finish 
Most Uoor covering manufacrurcrs prefer 1hat 1bc 

concrete surfac.e be brough1 co a smooth. buL non-burnished, 
finish free of lfQ\,,el marks and ridges. A burnished finish 
(produced by repealed hard ,roweling) does no, readily 
absorb free water from the flooring adhesi,•e and can sl0\\1 

dowo the release of li-ee water in 1be slab, which ,viii extend 
the drying time. l11e desired final finish can be dilficuh lO 
achieve ur1de.r certain circums1arlces. Mechanical surface 
preparation may t>e required to open the finished surface for 
rnany types of tlooriog rnaterials. The. sp,ecifie.r should estab­
lish all allowonce in the floor covering installers conuac1 
co addte..~ changes 1haL may be necc.':$sary ro achieve the 
degree ot' sutface pOl'OSity needed for certain types of floor 
covering installation::; 

Different Roor coverings often require different finish~. 
facilities built with only one cypc of floor covc1·if1g are tare. 
For economic.al conc.rete finishing, il is be.tter to speci fy one 
finish and have Lhe floor coveting installers use. the surface 
preparation melhods required to produce the finishes they 
need. When s~)ecifyin_g the surface. finish, keep in mind 
the required me.thocl of subsequent surface 1>reparation. 
Many surface J)reparation treaunenL~ such as shotblasting, 
scarifying, or grinding will make the choic.e of the original 
surface flool' finish moot. 

10.6.1 Floor jlawess- Owners and arc.hitccts often 
specify different floor covering product,;; for use in different 
parts of facilities such as remil stores. Concre.te surface• 
finish requirements, however, are. unique for each product. 
Table. 6.3 shows floor finish and tolerance requirements as 
recommended by ACI, ASTM. and various flooring orga­
nizalions. Where only one produci is used, Division 3 and 
Division 9 specific.atio11s can exactly match that product's 
requireme.nts. The issue, however, is nol that simple where 
multiple products are used. 

As discussed in 6.3, it is not feasible to have lhe concrete 
contractor meet separate floor tolerances and 6nish require .. 
ments for every area where a different Hoor covering 
product will be used. Based on Table 6.3 recommendations. 
F-numbers can be specified in Division 9. For floor covering 
installations where higher f numbers arc required, the 
specialty or floor covering contractor would be instructed to 
patch. grind. or shotblast the floor as needed. This instruc• 
tion would then be covered in Division 9 under the scope 
or work. 
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F-numbcr specification requirements should be in 
::1cc-0rdance with the recommc-ndations in AC( 302.1 R for 
suspended slobs and slabs-on-ground. An overall tloor Hat­
nes.s Fr grea1cr 1han 35 should not be spcdfied because 
changes in flatness aticr F,, is measured (curling of slabs­
on-ground {1nd dctlcctious of suspended slab) can decrease 
11-u: llatncss. 

10.7-Curlng 
Experiinenllll work by Hedcnblad ( 1997) aad Jackson •nd 

Kellenntm ( 1939) shows l~trll shor1er curing du.nuion.s resuh 
in fasler drying of tbe concrete. Hedenblad's cxperirneo1al 
work indic-ates tha1 moist curing for 28 days ins1e.ad of I day 
increased 1he time required to reach a desired moisture s1a1.e 
by approxirm11ely I month. Suprcu:lnl and Malis.ch (1999b} 
recommended usir1g a sheeting. mmerial 10 cure the concreLe 
ror 3 days. l11is provides a compromise berween improving 
the concrete properties and decreasjri_g t.he time required 10 

reach a desired moisture Slate. 
Some specifie-rs have required that new slabs be water 

cured for as long as 28 days. This prac.tice is coun1erpro­
duc1ive for floors thm need to dry before flooring materials 
al'e insro.Ucd. Ex1e-nded we-L c.ul'ing delays lhe Sta.ti or drying. 
adds water that must later exit the. concrete, and conslricts 
the path 1hrough which 1..he war.el' m~1. exi1. If drying i-iine 
is cl'ilical to the schedule, the specifiel' should not require. 
exrendcd water curing QI' curing dura1ions for any ct1l'ing 
me,thod for lollger than 7 days. 

ASTM F710 8 2 J requires that the surface of concrete ftoo,·s 
to receive resiliem flooring ~hall be free of: film.forming 
curing compouods: ~ilicate 8 1:>e-1letl'atillg curing compounds; 
and sealing, hardening, or parting com1)ounds 1hat might 
affect the rate of moisnu·c dissipation frnm the. concre.te .. 
1'hese surface ll'earments crul le.ngthen lhe drying tirne of 
the concrete and c.a11 inhibil the bond between the concre-te 
surface and flooring adhesives. patching. or underlayment 
materials. They may also crap moisture m the concrete, 
which can lead to fu ture problems with Hooring materials 
installed over them. In all cases where curing compounds of 
any cype have be.en lL'red, the manufacturers o f the flooring 
materials to be installed should be consulted and the re.quire• 
men ls of ASTM F710 followed. 

Based on the information presented, the following is 
recommended: 

(a) Slabs to receive ftoor coverings should not be cured by 
c.ontinuous wet curing methods such as sprinkling or burlap 
that is kept wet continuously. 

(b) Non .. djssipating curing compounds or cure•and 8 se,aJ 
ma1erials that confom1 to ASTM C309 or ASTM CJ315 
should not be used unless such use is approved in writing 
by the underlaymcnt. adhesive. and floor covering manu• 
fucturcr. The curing 1>roduct manufacturer's conformance. 
to ASTM C309 or ASTM CI 3 I 5 is not a subslitutc for the 
undcrlayment adhesive and floor covering manufacturers' 
approval. Using a curing compound will slow the initial 
drying. resulting in longer drying times, and to confom1 
with ASTM F7 IO will need to be removed before lhe floor 
covering adhesive can be applied. 

(c) As an ahcrnativc to continuous wcl curing, or 
membrane cures, cover curing materials such as lay-flat, 
non-st:lining waterproof paper, lay-flat plastic sheeting, or 
salurntcd. fabric-backed poly. tho I conform to ASTM CJ 71 
can be considered. 

(d) Reactive type surface hardcners/densitkrs should 1u>t 
be used as a form of curing on sh'1bs 10 receive moistme­
sen~itive llooring nulltri;:1ls or adhesives. 

10.8-Surface preparation 
R¢gnrdless of 1he tloor covering or ndhcsive 1nano­

fact\1rcr's ins1n1ctions. oo surfac.c prepara1ion shoold be 
allowed without authorization or lhe architect or en.gineer. 
ASTM F7 10 states thai "abrasive removal (shotblasLi.og, 
sanding, or grinding) of a thin l{1ye-r or concrete c-an remove 
[the) carbonated layer and expose more highly alkaljne 
co,1crete below. Additional waiting Lime, applica1iQn of 
pMching compound or underlayment, Qr a combination 
thereot: rtligln be required afler abrasive removal or the 
concrcle surface." 

Surrace preparation requirements and rhe lCSLing require­
ments should be specific. Ge.nerally, once 1he inois1ure test 
resultS are sa1isfacro1y. sul'face prepara1ion should begin. and 
Lhe floor covering should be placed withoul li.u1her 1esLi11g. 
Tests required aftet surface preparatioo should be specified. 
Whe,l tests are conducted aftel' surface preparation, some 
additio11al time ,nay be needed for the surface to meet 1he. 
moisnire requirements. 

Power washing or acid etching should nor be allowed 
as pan of the surf..1ce. pre1>aration. The adhesive and floor 
covering manufactuJ'et should agree. that the specified 
surface. preparation methods are comparible with their 
1)roduct requireme-nts. Shotblasting is often the prefen·ed 
method of surface prepal'ation. 

The SJ)ecifier should detel'mine whether any of the 
following ASTrvt standards should be referenced as pan 
of the surface preparation in the project specifications: 
AS1'M C811/CS I IM , 0 ~258, 04259, U4260, D5295, 
and F710. The Society for Protective Coatings (2001) and 
ICRJ 3 I 0.2R will also provide guidance. 

10.9-Repalrs 
Some grinding or J>atching might be needed to repair 

cracks or to bring floors inio compliance with specifications 
for floor flatness. The effects of such repairs on moisture and 
pH should be con.sidere.d. Grinding should be done d1y. with 
a vacuum auachmem. If wet grinding is use--d, additional 
drying time is required. It should be ensured that patching 
materials are compatible- with 1he flooring adhesive. to be 
used. Also, it should be ensured that the. moisture state of 
patching materials is checked prior co flooring placement 
Some manufacture-rs supply quick~drying underlayments 
for use before floor coverings are placed. Be wary of using 
or .. cqual products of l11is type. h should be confi rmed that 
the adhesive and floor covering manufacturers' warranties 
arc still valid with the chosen repair product. 
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10.10-Protection 
When drying time is critical to the schedule, it is imponan1 

to protect the s lab from external moisnire sources such as 
rainwater; mnoff from adjacent slopes: landscaping water: 
water from curing: or wet grinding. sawing. and cleaning. 

\Vhen d1ying time is critical and the moisture-sensitive 
floor covering is an important fcanire of the faci lity, d1e slabs 
should be constmcted after the building is enclosed and 
the roof is watertight. Typically, this extends the consuuc-, 
tion schedule and increases costs (ACI 302.1 R)> but these 
disadvantages should be wcighe-d against a I• or 2-month 
schedule delay if the floors arc rained on, 

Protcclion is the mosl difficull design and cons{ruction 
item to incorporate into the project. Placing the concrete 
slub directly on the vapor retarder eliminates the possible 
moisture reservoir that can form under the slab, but the slab 
surface doesn't begin its final drying until the stnicturc is 
enclosed and protected from min. Owners may object Co 
placing the concrete slab under a wa1c11ight roof because 
of the increased cost and sch(..."<fulc delay, Requiring lhc 
contrnctor to keep an exposed slab dry (by protecting ii 
from min or other external moisture sources). however, is 
likely to be unntford:1ble to the owner and nol reasiblc for 
1hc contractor. 

Unless the: s1ructure is enclosed before the tloor slab is 
placed. all parti<-. should acccp1 the fac1 1ha1 1hc s lab will 
undergo nl1cma1c we11·lng-aad-drying cycles. It is in(Lppro­
priatc for specifiers co ask co11troClOrs 1.0 stale lhe required 
drying 1imes and critical sch(...,lule dates, and to Sp¢:Cify 1he 
needed protection mc1hods. Decisions by the owner, design 
1eam. and C{m1ractor can all have an inlluence on 1hc an1ici­
pated concre1e dcying time. 

10.11- Moisture mitigation 
Bec.ause wai1i1.,g for a slab to dry can delay comple1ion 

of lhe building, some architects incorpora1c. a spccifica­
lion SeCLion thm dea1s wilh slab moisture mitigation. Such 
systems are lOpically applied lO the concrete s11rfoce 10 
protect 1he flooring aud adhesi\1e from moisrure and mois­
ture-induced high-pH c-0ndition. Adding such a specifica1ion 
section brings po1en1 ial floor drying problem:; 10 the anen­
tion of 1he owner and contractor~ allows Lhe owner [O get 
a bid as an al1ernare 10 waiting, aild then fac::il itah!S doci­
sion-makiog when c,oncrete is not drying fast enough. This 
infonns all pal'ties of Lhe possible issues arld remedie-s and 
the costs if the schedule cannot wait for the co,lcrete [0 dry. 
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APPENDIX- TWO CASE STUDIES OF MOISTURE• 
RELATED FLOORING PROBLEMS 

A.1 - Value engineering results in flooring failure 
A 6 in. (ISO m111J thick. 4000 psi (28 MPa) concr<:tc slab 

was lo receive an epoxy coating. The original design called 
for the 3 ft (910 mm) thick mal foundation to be covered 
by 6 in. (150 mm) of compacted granular 611, with a 10 mil 
(0.25 mm) thick vap<>r retarder laid on the 611. and the 
concrete slab placed on the vapor retarder. During a value 
engineering meeting. participants decided to raise the m:11 
foundation elevation and use Lhe lOp of lhe loundu1ion as the 
Hoor surface, with 1he epoxy coaLing applied dfrcc1ly to 1he 
mni founda1ion. TI,is savt'<i the cos, or lhc 6 in. (150 mm) 
lhick com;re1c slab. 6 in. ( 150 mm) of granular fi ll, und the 
vap0r {¢larder. while also n."'quiring: less excova1ion. 

The resufl of 1his value engiueeriug was a debonded 
epoxy coating. The project p~) rLicipan1s shared in 1he cost 
of repairing: 1hc fai lure. with 1he engineering firm contrib­
uting S I 00.000 because they did not specily placement or a 
vapor re1arder below 1he 3 fl (9 lO mm) 1hick roat foundat ion. 
Based on 1he pre,1ious infonna1ion in other chapters of 1his 
gujde, Lhe ,noisturc in a J fl (9l0 nHn) Lhick mm folmdation 
would have been enough lO cmise a problem wi1h the epoxy 
coatiog regardless of whether or no1 a vapor barrier had 
been in place. h is unlikely that water from below the mat 
founda1ion played a role in debonding_ or the epoxy coating. 
Given the 1hickrless of the c.OJ\c.re.1e., however. a very long 
time would have been required for the concrete 10 reach the 
desired ,noisnu·e St.ate a,ld remain there after the. coating had 
been applied. Recoinme,ulatioo.s provided in this chapter 
could have been used in the original design to ensure that 
the concrete slab was able to receive a moisntl'e•sensitive 
floor c.ovel'ing. At the value engineeriog meeting, the cost of 
covering the. surface of the mat foundation with a moisml'e 
mitigation system should have been included. The va1ue­
e,lgineerillg ahenlative might not have been chosen if this 
cost had bee.n included. 
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A.2- Post-construction trench drains results in 
flooring failure 

An engineering company was called to investigate the 
flooring failure ofa ve.,y small 5000 f\2 (460 m') office. The 
flooring had been in place for 3 years and, in some areas. 
the floor covering was not adhering to the Hoor. During 
the investigation, thr Boor covering was removed. and 
caJcium chloride and internal relative humidity (RH) tests 
were conducted. ln addition. concrete cores were removed 
from the slab-on~ground to determine the moisture content 
of the granular fill and subgradc and thr location of the 
vapor barrier. 

Investigators found tha1 after completion of the oliginal 
tloort a new owner had required installation of additional 
uodcrs1ab utilities. To install the new utilities, concrete was 
removed. trenches were dug. utilities were installed. fill 
was placed and C-Ompncced, and new concrete was placed. 
Unror1uoate1y. the contraClor who placed the u1ili1ies <lid 11ot 
1,htce a vap<>r retarder under the concrete nnd did not seal 
1he join1~ where 1he new concrete abu1ted 1he old concrete. 
This system passed more moisture th::in 1be old concrete on 
1op of the vapor retarder. thus crea1ing localized lailures m 
1he 1rcnches. Bcc~use the lrenc.hes \vc-re ex1cnsive and the 
Ooor covering area limited, a moisture m.itign1ioo sys1.em 
was applied 10 1he en1ire 5000 ll' (460 m' ). 
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