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PREFACE

1 
This paper was prepared for presentation at the Educational Symposium

on Hot and Cold Weather Concreting. This conference , sponsored by the

American Concrete Institute , was held 29 November — 1 December 1978 in

Kansas City, Missouri.

Funds for the publication of this paper were provided [rots those

made available for operation of the Concrete lechnology Information

Analysis Center (CTIAC). This is CTIAC Report No. 36. The paper was

prepared by John M. Scanlon, Chief , Engineering Mechanics Division ,
Structures Laboratory (SL), US Army Engineer Waterways Experiment Station

(WES). The paper was prepared under the general supervision of Mr. Bryant

M.~ither , Ac t ing Chief , SL.
The Consnander and Director of WE S during the preparation and publica—

tion of this paper was COL J. L. Cannon, CE. Mr. F. R. Brown was Tech—

nical Director.
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‘I QUALITY_CONTROL

DURING HOT ANT) COLD WEATHER CONCRETING

by

*John M . Scanlon

I N T R O ! ) t ( T ~ ON

Q u & i t y  con t rol , or what I like to refer to as “Construction Quality

Management ,” is a very controversial subject among contrn~~tor s, owners ,
m d  rro(lucers , or for that matt er any group of professionals ~rving to

I ’ b L . U ~ the  qu m l i t v  of  c on s t r u c t i o n  desired by the eventual owner.  Too

o’t~~n in the past the owner or the owner ’s representative spent too much
~~

‘o ~ iterfer1ng in a contracto r ’s business by trying to tell him how to

coust ru •  t. When a contractor bids on :i project and bases his bid on the

r:I~~I1 it\  requirements established i~ the project specific~m t ions , the con—

t r a c t o r  boco mes responsible for using materia ls , procedures , equipment ,

and workmansh ip  wh ich wil l  resul t in a prod uc t compl y ing with those sped —

f ic•1tlons . If an owner desires more , he should pay for the increased

qual it y and effort required of the contractor.

In t r (~er that we can conununicate effectively, w shot:ld have a good

under standing of “Construction Quality Management ” and t b e  mean ing  of r h o

particular term inology used during tbis discussion. We — contractors , rr~ —

d r ~;, and owners — need to know where we fit under the construction

q1u~ L : tV mnm nagem€nt ( C Q M )  umbrella. The three words which h~1ve ca used

‘n:tnv problems with implementing an effective CQM policy •irc defined as

f o l  l ows

a. QUALITY : Degree of Excellence.
q.

I.~ CONTROL: To Regula te .

c .  ASSURANCE: Degree of Certainty .

*(.hicf , Engineering Mechanics Division , Structures Laboratory, u S Arniv
Engineer Waterways Experiment Station , Vicksburg, Miss.
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Now let  us t r y  to put these words together i n t o  the real s u b j e c t s  of

our d i s c m i s s on.

CONSTRUCTION O~ALITY MANAGEMENT (CQM) . CQM is a s y s tem  i n v o l v i n g  the

j o i n t  but  independent  e f f o r t s  of the c o n t r a c t o r  and the owner to ach ieve

the love l  of q u a l i ty  desired by the user and establ ish ed in the p r o j e c t

spec it Icat ions.

CONTRA Ci~~j~UALITY CONTROL (CQC) .  CQC is tha t  pa r t  oil the C Q l  svstei;

by which the  contractor regulates , tests , and inspects his procedures ,

e(~u L p m e I 1 L  . m a t e r i a l s , and manpower so tha t  the  completed f u n c t i o n  w i l l

mo~ t Lk ~ r 1 V  comply w i t h  the  r e q u i r e m e n t s  of the p r o j e c t  s p e c i f i c a t i o n s .

.~N t i ~~Q ALTTY ASSURANCE (O~~~ . OQC is that part of the CQM sy s t e m  by

wtuch  ‘ 1 ’c Iwflt r or h i~ r e p re s e n tat i v e  v e r i f i es  (1) tha t the  con t r ac t o r ’s

q u a l i t y  ~.~ ‘n tr o1  ~~~ t cm is actuall y working and (2)  tha t  the end r e s u l t s

fo r  each of the  comple ted  t u n c t i o n s  compl y w i t h  p ro j ec t  s p e c i f i c a t i o n s

~.id t 1 t s i g n c r i t e r i . i .

I t  Is Vt• rv important t h a t we understand these functions because the~
a r e b~~~ic to the overall understanding of how quality is controlled and

v e r i f i e d  d u r i n g  engineer ing and c o n s t r u c t i on .

L~UA lJTY CONTROL D U R IN G [lOT WEATHER

As von have d iscovered , during hot weather temperature is not the only

hindrance to quality concrete. We have to be very concerned wi th relative

humidity and wind velocity. In order to establish good quality c o n t r o l

p rocedure , we need to know when the condi t ions are d e t r i m e n t a l  to the

p r o d u c t i o n  of q u a l i t y  concrete  c o n s t r u c t i o n .  Concrete is a ma te r i a l  whi ch
can be used and should be used during all per iods of the year :  there isn ’t

any reason for  a 50 percent reduction of concrete produc tion during the

w in te r and absolu tely no excuse for placement of poor quali ty conc rete
during hot summer conditions. In hot weather we must cause the concrete

to feel that it is being placed under ideal conditions . During m v  career

I have caused concrete manufacturers to do many things against their will ;

but many times I have been told afterwards that the requirements p laced
on them actually saved them money and allowed them to produce a quality

product under extreme weather conditions . We all realize that the  reduction

4
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of t echn ica l  problems dur ing  c o n s t r u c t i o n  saves money and increases

e f f i c i e n c y ;  i t  also increases  the mora le  of the  worker , the owner , and

the c o n t r a c t o r .  Q u a l i t y  cont ro l  (CQC) is very Im p o r t a n t  under  a l l  con—

d it i o n s  but  even more important  dur ing  hot and cold wea the r  c o n c r e t i n g

c o n d i t i o n s .

As you have heard , hot wea ther  e f f e c t s  on concre te  in the p l a s t i c

state may include:

a. increased water demand .

b. I a c r ea s ed  r~~~e of slump loss.

c. Increased ra te  of s e t t i n g .

d .  Inc reased  t e n d e n c y  fo r  p l a s t i c  c rack ing .

o .  Tncrease.d difficulty in controlling entrained air content.

From a quality control standpoint , what can we do to prevent these

p r oh l e ms ?  (a) and (b)  can be con t ro l l ed  by p ropo r t i on ing  your  conc re t e

for the conditions to which it will be exposed in the f i e l d .  A con-

c re te  m i x t u r e  which  in February  gave you 3 — i n .  (76 mm) slump and

~mOOO psi (27.5 MPa) concrete may , when con trolled by slump in August ,

give you a 3—in . (76 mm) slump and 3200 psi (22 MPa) due to the increased

conc re t e  t e m p e r a t u r e  which requires  an increase of approxinmate lv  40 pounds

( 18 kg) of water  to m a i n t a i n  the same slump (see F igure  1). If con cr e t e

is going to be placed at 90 F (32 C ) ,  i t  should be propor t ioned fo r  p lace-

ment at that temperature. Hot—weather concrete requires a higher water

requirement than cold—weather concrete to maintain the same slump . Either

one of two adjustments can he made.  You can (1) increase the  cement  con-

t en t  in order to ma in t a in  the same wa te r—to—cemen t  r a t i o  as the cold ‘~e at h er

concrete or (2) decrease the hot weather concrete temperature to the tem-

perature used during the winter. I personally bel ieve the answer is a
combination of these two adjustments: adjust the mixture by slightly in—

creas ing the cemen t and wa ter con ten t , and decrease the placing temperature

to reduce the increased water  demand and slump loss. ( c ) ,  (d) , and (e)

can be controlled by reducing concrete placing temperatures, using a

re tard er and emp loy ing pr otec tion f rom the wind , combined with the use

5
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of ade~ ua to cnn  ~~~ (see F i ~;u re 2) Set t ing t i me d~ c rca seS w h i nc rease d

temperat ur.’ ; p 1 ~o;t ic cracking i I I . ’ r e a s e a  due to i n c r e a s e d  w a t e r  d e i i i n d  and

rap id  e vap o r a t  iot~; quant i t y  of a i r — e n t r a  in i ng  agen t  in c r e a s . s n i  th in-

c reased t e m p e r a t u re .

Ques t  ions 1 norma l lv  r ece ive  t rem f r a n t i c  c a l ler s  d u r i n g  Sep tember

I a lwavs Inc lude , ‘ Why am I not g et t  log  my 28 — day st r~ n a t  Im u n t i l  90 d ay s ?

Why has my c on c r e t e  St r e n g th  dropped 1S o 20 p e r c en t  ? ‘‘ 1ovari:m ~ lv ~~~

cal  i c r  h ad  0011 co-a t r o l l  lug  h i s  c o n c ret e  on s lump and d i d  n ot  real ize t h a t

h i  3— in. 1 h—mm t slump i n  J u l  v and A u g u s t  r equ I r od a op roy  ima t c l v  25 pounds

i i  . ‘. ~ r~~rc w a t e r  ban the  3—in. (7 h—mm ) slump i n  Apr ii or y : m v  , t h e r e —

h~ inO~ v 1- ~it1 ~ his w;i~~tm — t o — c e m c n t  ratio by about  0.O~ md r c d u c i~~g s t n - n g t h

or  inglv.

~0 ~ 
.IY~

t Pondjt ion s niid Methods

As U I  n - - e d  a~-ovc , a t i c h n i c i a n  who cent n a -  ener t e during changing.

~ iocn~ by ia~ o r  the si lul l test is s~~in~ io~ t rouhie ; a 3 — i n .  ~7 ( - —mm )

ump cone re e i August will not have the same is-a t o  r c o n t e n t  as a — i n .

( — ~:ia~ s nina concrete in A p r i l  . For good quail tv cent rol , a d j u st m en t s

soon I d be made to  t h e  n i x , inc h id ing  increasing the a m o u n t  of c omen t and

w a t e r  so t h a t  the or i g in a l  a c c e p t a b l e  W / C r a t i o  i s  main t.m ined . The slump

t e st  shou ld  be p e r f o r m e d  as r e q u i re d  in AS F~1 C—1- ~ , S tan d a r d  Te s t  ‘lot hod

~ 1 iit .t ;~ e Por t  land Cement C o n c re t e .  When s I  umpo mr rica -iii red , the

t i n p e  r at  n r c  of the  cone ret  e should he do term m e d  by a t cinner t u ro  measur—

~ng C oy  i e w h i c h  wI  1 1 p e r m i t  3 — 1 / 2  in .  (89 mm) of concrete cover  a round

the sensor. Un d o r norma I corid f t ions , t h e  sensor shou ld  he hu r  icC i n  ho

i o ; 1 c 1  c : e  for a minimum of two m i n u t e s ;  but  when cool or cold m ixiag i~ r t  ci

has been used , the time should ho ex tended  to five minutes. Tempera ti re— -

m e a s u r i n g  d ev i c e s  should he used and the r e s u l t s  r eco rded  w i t h  the re-

s u l t s  of the  slunp  t es t , w h i c h  of course  should  he recorded w i t h  t h e  con—

cr e t e  s t r e n g t h  d a t a .

Ma n y  t imes a t e c h n i c i a n  w i l l  make an a i r — c o n t e n t  t e s t  e a r ly  in t he

morn ing  when the  c on c r e t e  is r e l a t i v e ly  cool ;  and , I f  t he  results comply

r i  th t h e  r e q u i r e m e n t  s , he may not make anet her  a l l  d a y .  A i r — c o n t e n t

,~~t s  should be randomly pe r fo rmed  d u r i n g  the  p er i od  of c on c r e t e  p l acemen t

r a l  e sp ec i a l l y  d u r i n g  the  heat  of the d a y .  For c o n c r e t e  c o n t a i n i n g

6
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rei it I V e  lv tiense a g g r e g a t e s , ASTM C— 2 3 1 , g t a r r d a m d  Test M e t hod t or A i r

nit t o t  of F r e s h l y  ~1ixed Concrete hr he i r ~ ssrrrc Me t hod , should be

t o l l o w e d  in d e t e r m i n i n g  the a i r  c o n ten t  of the  c on cr e t o . For c o n c r e t e

• - o n t a i n i n g  l i g h t w e i g h t  aggrega tes , a i r — c o o l e d  b l a s t — f u r n a c e  s l ag ,  or

a~~ctoga tes of h igh po ros i ty , ASTM C — 17 3  , Standa rd  l i s t  Me t hod r A i r

Coot c Ot  01 Freshly M i x e d  Conc re t e  by the  V o l u m e t r i c  Me t hod , should be

The use of s ma l l  meters  w h i c h  check t h e  a i r  c on t e n t  of t h e  m o r t a r

not r ecomn iend € d f o r  good cone r o t e  c o n t r o l

As rev ieusl v mentioned , t l ie  i n i t i a l  t e m p e r a t u r e  of the  c o n c r e t e  is

v~ r~ ripe r a l i t  : the h ighe r the j o l t  ial t e m p er a t u r e , the  great &r the

f aol  t empera t  t ire d r o p  d u r i n g  the coo of the  n i g h t  . Ibo t i m j o k e r  the

i on , Ire hi g her  t he  n it imate temperature and the I ‘ngcr Is concrete

takes to 0 (01 . Concrete p la ced 20 F (.11 C) below ambient will have

approx im atel y 20 f wt r degrees F (11 fewer dog -roes C I of temperature to

dicg . The s t r a i n  cap ac i tv of concrete , espec I ~1 lv young ‘oricri t e

var  ~ey g r ea t lv but  normall y will not permi t  more than a 40—F (22— ’)

d r op Cu r  tog 2-r hour s .  The t h i c k e r  t i m e  sect ion , tis sma I i c r  the pt rn i ss i h i e

t em p e r at u r e  d r o p .  I f  d i s s i p a t i o n  does not t a k e  p l ace  dur ing  con y by —

d r at  ion , t i e  c o n c r e te  can gai n a p p r o x i m a t e ly  15 F (8 C) f o r  each hundred-

w e i g h t  of cement used per cubic  y a r d .  C o n c r e t e  c o n t a i n i n g  500 p o un d s

( 2 2 7  k g) of cement placed a t  90 F (32 C) can g e ner at i  ( 11 ) 11gb heat  to

k :iuse  the c o n c r e t e  t el :r p t r o t u r e  to become 180 F ( 82 C) r i t i m i n  day .

Even w i t h  normal d i s s i p a t i o n  t h i s  90—F (32—C ) con t ’ r o t o  could reach 14C) F

(60 C l  before the cold of the night. A cool hO—F (16—C) night would

k fo rce  rap id  coo l ing  which  would cause c ra c k i n g , and in t h i s  c a s e , the

t h i n n e r  the sec t ion , the more r a p i d ly  the  concre te  w i l l  cool .

The use of i n s u l a t i o n  d u r i n g  the  f i r s t  n i g h t  f o r  r e l at i ve ly  t h i n

sections is not a had idea: when the concrete is weak , insu la t ion

acl ps to keep i t  warm and prevents  the  rap id cooling . During the second

a C i v , the  heat of the  day allows the concre te  to  cool more s lowly  and

i t s  ~;t r a i n  c a p a c i ty  is a l s o  increased due to Increased  age.

7
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I ~~~ec~~ion I3efure Concretir~~
Good q u a l i t y  con t ro l  i n c l u de s  Lb t !iree— atep approach  to i n s p e c t i o n .

Thes~ three  steps inc lude :

(1) P r e p a r a t o r y  Phr ase .  This  phase should be pe r f ormed  p r io r  to

beginning any work and shou t d  inctu do a review of c o n t r a c t  r equ i r emen t s .

Check to ver i f y t ha t  a ll  t-~at er i a ls  or equipment have been tested and

approved and a plan established [‘or completing the work as r e q u i r d .

( 2 )  I n i t i a l  Phas e . Tiii~ phase should be performed as soon as work

begiri~ on a represent. Live portion of the job and should include assurance

that time decisions made during rhe preparatory phase ~re being mp lemented

are wcr~~ing satisfactoril y.

ii (3) Fol1e~ -up Phase. Ib i s  p1 ase shoul.d i c  pe r fo rmed  da i l y  t~

os,o!rc conti ~ued comal  lance

~deall y all possible problems should he anticipated during the

p r e iar1 t c~ry pba ;e , but , if they are not , the s y s t e m  should be flexIble

enough to correct problems as they arise.

During the preparatory phase of anticipated hot—weather concreting ,

we should follow the stipulations below .

PROVISIONS FOR PLACTN C

(1) A relatively low—heat cement should be used ; do not use Type III

or a finely ground ceznent unless absolutely nevessar-,.

(2) The concrete should be mixed at the coolest temperature economi—

eo1iy possible.
( 3 )  The haul distance should be the shortest possible.

(4) The wait ing time to unload should be the shortest possible.

(5) The placement should be ready for concrete as soon as it arrives.

(6) The placement should occur during the coolest part of the day .

(7) The subgrade should be as cool as possible.

(8) The concrete should be placed and consolidated as rapidly as

possible.

8



PROVISIONS FOR CURING

(1) Plan for fog curing , if possible . Water curing , membrane curing
and water , and membrane curing alone are listed in order of decreasing

effectiveness.

(2) Plan to cure in a way which will reduce heat buildup in the

concrete.

(3) If membrane curing is used , use the white—pigmented type so

extreme heat will be reflected .

(4) If feasible , use insulation during evenings and nights in en—

vironnents where the temperature drops considerably at night.

PROVISIONS FOR PROTECTION

-1 (1) If possible , shade placed concrete from the sun and wind . Ex-

posure to e i ther  can adversely a f f e c t  the finished product .

(2) Protect it from rains , especially relatively cold fal l  ra ins

which cause rap id cooling .

(3) See (4) immediatel y abo”e .

Inspection During Concreting

In the three—phase system of inspection, two phases , in i t ia l  and

fol low—up , occur during concret ing.  All of the problems which come up

dur ing  concreting should have been anticipated d u r i n g  the p repara to ry

phase. During concreting operations , the time period during which you

can e f f e c t i v e ly bond new concrete to older concrete is significantly

decreased . Therefore , if you are placing a wall , you may have to reduce

the l i f t  size so that  the timelapse between l i f t s  can be reduced . Other—

wise , cold jo ints  will occur.

The slump of hot—weather concre te can disappear quickly due to the

tempera ture  of the concrete , the ambient temperature , the wind , and

relat ive humidi ty ;  there fore , the concrete should be placed and con—

solidated as soon as possible . After the quantity of water proportioned

fo r  the mix has been mixed into the concrete , re te mper ing——the  addi t ion

of more water ’-—shculd never be at tempted unless you are wil l ing to
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accept the resulting loss of strength and durability and increase in

cracking and shrinkage. Do not control your concrete on slump alone ;

make certain that the W/C ratio is not exceeded if you want quality

concre te. Maximum time periods between mixing and placing are not tech-

nical ly desirable . If the concrete is workable and has not been re—

tempered , It should be acceptable .

Uniformity of the concrete is very important for hot—weatb~ r concret—

ing. This includes uniformity of temperature of the ingred ients , mix—

ture propor tions , quantities of ingredients , mixing time, W/C ratio ,
and air content. Some of the other conditions which should he uniform

include: delivery time , p lacing time , finishing , curing, and protection.

The use of a retarder normally allows greater flexibility in the uni-

formity of these conditions. The greater the uniformity, the fewer the

problems encountered and the better the quality obtained .

Frequent air—content tests should be made. Too often a slump test

may come up low and water is mistakenly added when the mixture really

needed add itional air entrainment.

Inspection After Concreting

Young concrete needs tender loving care , espec iall y dur ing ex treme

weather conditions. This care is not complete Immediately following

placement and finishing. As mentioned above , you may wan t to insula te

the surface during reduced evening and nighttime ambient temperatures.

Curing -is one of the most important yet ignored phases of concrete con—

structlon . Under hot—weather conditions concrete can dry very rapidly

and shrinkage cracking can result. If moisture is driven out and not

replaced , the concrete can become dormant and stop acceptable strength

• gain. Cement requires moisture to hydrate and grow stronger . Normally

the m ix wa ter is ample moisture for the hydration process; but during —

hot arid weather , especially in the case of thin concrete sections,

this moisture may evaporate and not be available to the cement.

4 
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Con c lusion (Hot Weather )

1. Do a good job of qua l i ty  cont ro l .

2. Ant ic ipate problems .

• 3. Plan to alleviate these problems .

• 
4 . ObUgate yourself to a good evaluation program.

• 5. Use -i mixture proportioned for the hot weather and other ambient

condi t ions.

6. Assure uniformity of concrete , m ix ing, delivery , placement , 0

f~~n i sh l i i~t , c u r i n g , and p ro t ec t i on .

~~tALITY CONTROL DUR iNG COLD WEATHER

Dur i n g  t he  previous two sess ions , we have discussed c o n s t r u c t  ion

4 0 t l l t y  management  and q u a l i t y  con t ro l  dur ing  hot w e a t h e r .  I~any of the  
0 

-

s ta t e m e n t s  made in those dI .3 cussions  are also a p p r o p ri a t e  fo r  cold—

weat~R r  conc ret i ng . U n i f o r m i t y  of concrete  and i ts  su r round in gs  are

vor ~ i m p o r t a n t  arid cannot  be over—emp hasized . Good q u a l i t y  con t ro l

es tab l i shes  good u n i f o r m i t y ;  w i thou t  u n i f o r m i t y ,  the  produc t  is out  of

c o n t r o l .  Dur ing  the  in t roduc t ion , we def ined  cold weather  as “a pe r iod

~-hcn fo r  more than 3 successive days the mean daily t empera ture  drops

below 40 F (4 .5  C ) . ” As you can see , the tempera ture  does not need to be

be low f r eez ing  for  us to be concerned w i t h  cold—weather  c o n c r e t in g .  The

concern for  s a f e t y  Is much grea ter  dur ing  cold weather  because c on c r e t e

does not gain s t r e n g t h  as rapidly in cold weather as i t  does in warmer

w e a t h e r .  Cold weather is an ideal t ime to p lace concrete  if the  work is

ad :~~- : a t e i v  con t ro l l ed  and protected . The u l t ima te  s t r e n g t h  of concrete

p laced d u r i n g  cold weather , not permi t ted  to f reeze , and allowed to  gain

strength slowly , exceeds the same concrete  exposed at h ig her temperatures

(: - ;ee F igure  3) .

As in hot weather , good qual i ty  control  includes the preparatory ,

i n i t i a l, and fol low—up phases of inspection ; in other words:

Plan ahead. Check wi th  the weather bureau to obt - i t n  the la tes t  
0

forecasts for temperature , relative humidity, and w - ’d v e loc i t i e s .

Be prepared. Make sure all necessary materials and equipment are

on hand to prevent delays during mixing, transpor t ing , p lac ing , finishing,
and protection.

U LI
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Be concerned. Anticipate potential problem areas; make certa in

that the hatching plant is prepared for winter; think about what needs

to be done.
o~

j  

Schedule work. Establish the work schedule to take advantage of

warmth dur ing  the dayt ime and insulate  before evening .
- 0 I n st r u c t  and assure.  I n s t r u c t  the foremen and workmen on how

the concre te  has to be control led  and pro tec ted . Assure by personally

delega t ing  inspection responsibilities that the conc rete is i~e ing  con--

trolled as you have instructed .

Test ~pec imens

Th ere are normally two purposes for fabricating and testing spec!—
mens ior strength during the cold weather. These are : (1) to verif y

that the mixture used has the ability to obtain the designed strength

and (2) to determine the strength of the In—place concrete. Spec imens

made for each of these purposes should be fabricated as required in

ASTM C—31 , “Standard Method of Making and Curing Concrete Test Specimens

in the Field.” As we know , concrete exposed to low temperatures does

not gain strength as rapidly as concrete exposed at higher temperatures;

t he r e fo r e , the In—place strength is very important. Cold—weather cx-

posure extends for safety purposes the period of t ime required before

form removal. In my estimation , strength—test results of small specimens

stored at the project site in the same temperature envrionment as a

large placement are not representative of the strength of the in—p lace

concrete. The temperature effect on small specimens is much greater t h a n

on the larger in—p lace concrete structure . If you were placing 6— in.

(150—mm) diameter columns , the 6—in. (150—mm) diameter test specimen

would be representative . A few organizations measure the temperature of

the in—place concrete and control the temperature of the test specimen

accordingl y . If this procedure is followed , the streng th of the test
specimen should be representative of the strength of the in—place concrete.

12
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Please do not use these exact figures In project specifications:

concrete should not be rejected if it varies from these temperatures.

Instead , these temperatures should be established as control points.

A concrete temperature within ± 10 F (6 C) of those shown above is
sufficient for good control.

Te~2~ ra ture Records
Good QC of cold weather concreting operations is never complete

without continuous records of temperature. The temperature records

should include the following :

11) Periodic accounting of temperatures of all ingredients.

(2) Temperature of concrete after mixing (norm ally about 2 minutes

or ~,o following mixing).

(3) Temperature of concrete as placed .

(4) Either a periodic or continuous accounting of the temperature

of concrete at the surface of placemen t (exposed surfaces or below

forms).

(5) Continuous recording of ambient temperature at the project site.

These records should be maintained as diligently as you maintain

your strength—tests reports because they are just as important . They

should also inc lude the date and hour , as well as the other weather con-

ditions (calm, windy, clear , cloudy) present . Temperature—measuring

devices embedded In the concrete surface are ideal , but satisfactory

.lt curacy and greater flexibility may be obtained by using a normal pocket

thermometer. This temperature history should be included in the perma-

nent records for the prolect.

!ns:ilat ion

One of the most important phases of quality controi is to assure the

adequacy of Insulation. Table 1 is one of the Insulation tables extracted

from the ACI Committee Report on Cold Weather Concreting . It establishes

• the insulation requirements for various thicknesses of walls or floor

slabs above ground when exposed at various ambient temperatures . For

example, if your vail thickness is 12 in. (300 mm) and your concrete has

a cemen t content of 500 lb/cu yd (296 kg/rn3) and the lowest ambient

14
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tcmpetr3ture Is e~xpected to be 18 F (—8 C), according to the table you

wil~ need to use an insulation with an R value of 4 (0.70). Table 2 
0

gives us the thermal resistance , R value , for each 1—in. (25—mm) t h i c k —

ntss of various materials. From Table 2, we can see tha t one of the
solutions to our example problem would ~e the use of 1—in. (25—mm) ply—

0 
wood f orms pl us about an inch of mineral fiber blankets. Figure 5

is a graphical presentation of Table 1. From a QC stand point , It is

ti ei~~ssar\’ to assure that the insulation necessary to shield the concrete

during the protection period is provided and tha t tho corners and edges

have amp le overlaps. If you  are unwilling to provide Insulation and the

extra t ire needed ~o do a good qualiry job during cold weather , you

sl,cui ~ d n ot  be p in inc rorucr ere during tha t period of the year: lives

are i - -a precious , and inadequate winter protection invariably costs

livea .

S1JM~1AR

1. Very little concrete is ever placed under ideal laboratory

conditions .

2 . Concrete shoulc be proportioned for the conditions under  w h i c h

it w i t i  be placed .

3. Hot weather concrete should be protected from high tem ;~crat ure ,

lew h u m i d i t y , and wind .

4. Concrete placed .i~ relativel y high temperatures should be pro-

tect .’ from rapid cooling , especially during late summer.

~~~. Concrete placed at relatively low temperatures has the ability

to gain higher ultimate strength than concrete p laced at high temperatures.

6. Tempera ture—measur ing devices should be used frequentl y, especiall y
d u r i n g  hot and cold weather Concrete construction .

7. It may be feasible and economical to insulate concrete even

du r ing warm wea ther , espec ially dur ing relatively cool nights.
8. It is very important to test concrete in such a way that th o

tes t s  r e su l t s  are r ep resen ta t ive  of the in— place  concre te .

9. Quality control which does not include the preparatory phase is

in~ u t f r ic i.ent.

15
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10. Using the preparatory phase without the initial and follow—up

phase is also insufficient .

1.].. Concrete needs to be handled with tender loving care.
12. Concrete is almost human and if controlled thusly will always

perform as intended .

-~~~-1
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Fig 1. —Water requirement for a typ ical concrete mix as affected by
tempe ature . The Increase of water content accounts in part for greater

- 
- shr inkage of concrete that is mixed and cured at high temperatures.
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Fig. 2. —Effect of concrete and air temperatures , relat ive hum dify, end w ind velocity on the rate of eva poration
c,f surface moisture from concre te . This chart prov ides a graphic method of estim at ing the loss of surface moisture
fo r vario us weather condi t ions. To use the ch ef , fo llow the four ste ps outf~r,ed above , If the rate of evaporat ion .sp

proac hes 0.2 Ib/f t - /h r (1.0 krj Fm /hr), precau t ions against plastic sh rink age crackin g are rtecossa ry
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streng th development øf co~cr .te (T ype I cement )
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Fig. 4. .—Strength.mefur fy factor rd e+iorssh p for
labor a tory cured cy fln d.rs (22 .8 C)
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TA BLE 1, —THERMAL INSULAT ION PROVIDED FOR CONCRETE WALLS
AND SLABS ABOVE GROUND

Concrete placed at 50 1 ( ; ( I  C~ Protect ion 3 days minimum

NtIrnrn.CII I  3m b: , II air t . ’  - ~‘r:.tu; - . dog F (C) ;dl,.w~.bft w hen
W i l  or s lab i I C S I ) ,~~~! in havo g -s i  ~ : I ~~ ’s ii tl t- r~i a l  reslst ,Cnce R deg
t I n i c k n e ~ ,~ - 

- F/Btu/hr f t 2  ( o rg  ( ‘V ~ /1’:-’ iS u~,d  
— —  - -

in. (rn H “ I (3 j 1  1. .1 Q ., [c - 6 1 .06 R 8 (i 41 )
- - Ct-n :. ni t  - I,~ , t  = .‘U( ;~‘ - v ~~ - ( 2 9m k~~. m 3)

6 (0. 15) 43 (n ) 3.- ~2 ; 2-~ C - 2 ;  20 (—7
i2 (( L b 1 34 (In 18 (----8 3 (—16, 12 - --

18 I I I4 r 35 - 4 :  - 2 i - - I - -  —21 - -29 .- - 4- ) ( - 4 2 -
24 ( f l L~~ 1~ — — 8;  - — Ifl — - 23: —38 : : n ’ —~~~~ ~- —56~3~ -~~~~ 

‘1 (_
~ 

I 
~~~~~ ~ 

b ’  - - — - n ; ’  ~~— ~) i )

48 ‘1 2 • 10 ( —  : 2 ;  - - 73 - —-32 ; - I

( 1 5 -  j 1 ) (  2 
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T ABLE 2. —INSULATION VALUES OF V A ° -  ~~U MAT ER;ALs 

t~~~ ce R f~-~
these th:: ,.r ,ess€-~ of r-O .i t er -5 ~’

- - I- in , IOrr,rn,Insulating material 
deg F/B~u,’~ ‘: deg C/ (W /rn 2)

Boards ind slabs -

Ex p an dt’d po y ur e t h a n e  C R - I l  exp .)  - €25 0.433
Expanded ~.:]ys~’.Tr:e :t ~ u~~ed ( R - 2 exp. f-fYI 0.347
Expanded polystyrene extruded , pla:n - 4 00 0.277
Glass fiber , organic bonded 4 0. 277
Expand ed o~y~ ty ren e . molded -:i~~ 357 0 4 )~
Mineral mi~’e~ with  res:n binder 3.45
Mineral f i b er  board, wet felted 2 9 4  0.204
Shea~n ing ,  regular density 263  0. 182
Cellular glass 250  C 173
L,m rr:nated paperhoard 2.00 0.139
Particle boar d (low d e n s i t y )  l R ’  0.128
Plywood 125 0.087

B~~nket
Mineral  fiber , f ibrous form processed ~-om

rock , slag, or glass 3.23 I 0 224

Loose fill
- I Wood fiber , soft woods 3.33 0231

M :nsral fiber (rock , slag, or g~?~~,) 
- 

3 12 0 2 1 6
Perlite (expanded ) 270 0.187
Vermiculite (expanded ) 2.27 0.157
Sawdust or shavings 2.22 0.154

~Va1uec from ASRR..4E Maidbo-’ k of Fu ’ c I c mp i : ~~n , 1972 . Am rr ,,- a ’i Society of Heat ing. ~~e~rtg -
crat ing, and A ir-C e rn lmnr . rmin g  Eng in eer s . Nr’.~ Yoi-k
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