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ABSTRACT 

A means of rapidly estimating the rate of evaporation of moisture 

from a surface has been developed. The use of the evaporometer will 

enable field personnel to quickly determine when they must apply 

measures to protect freshly placed Portland Cement Concrete from 

excessive loss of moisture. 

The report traces the development of this instrument and shows how 

to use it. The user is given a simple graph to convert readings from 

the evaporometer into the rate of evaporation. Construction details 

are included so that the Districts may construct the evaporometer 

for their field personnel. 



SUMMARY 

An instrument has been developed that will enable an observer to 

make a rapid field estimation of the rate of evaporation of water 

from freshly placed Portland Cement Concrete. The instrument permits 

field personnel to rapidly determine the evaporation rate and to 

anticipate when protective measures such as use of fog spray must be 

used. 

The details of the instrument's development and theory are included. 

The use and operation is described and a simple graph is provided to 

convert the instrument reading into evaporation rate. Sketches, parts 

lists and construction details permit the reader to construct his own 

evaporometers . 



IMPLEMENTATION 

This  instrument can be constructed i n  any shop f o r  approximately f i v e  

d o l l a r s .  This  t e s t  only takes  one t o  two minutes depending on t h e  

weather condi t ions  so it can be run a s  o f t e n  a s  needed. Time f o r  t h e  

complete t e s t  should not  be more than a minute when the  evaporat ion 

r a t e  i s  near  t h e  c r i t i c a l  r a t e  mentioned by Por t land  Cement Assoc ia t ion .  
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Addendum To Report 3-20-70-028 

1 1  Ins t rumenta t ion  For F ie ld  Determinat ion of t h e  Rate of 
Evaporation of Moisture from Por t land  Cement Concretets 

by David L. Edwards 

F ie ld  t e s t s  of t he  evaporometer have been run s i n c e  p u b l i c a t i o n  of t he  

o r i g i n a l  r e p o r t  i n  J u l y  1974. These t e s t s  have shown the  need. f o r  c a r e f u l  

observa t ion  of  a d d i t i o n a l  f a c t o r s  such a s  d u s t ,  w i n d , v a r i a t i o n  and l o c a t i o n  

of t he  equipment. Dust blowing on the  job s i t e  w i l l  adhere t o  t he  moist 

f i l t e r  paper and could change the  evapora t ion  r a t e .  The f i l t e r  paper 

should be changed a f t e r  each use  under t hese  condi t ions .  

The f i e l d  t e s t s  have provided d a t a  so t h a t  evaporometer va lues  could be 

compared t o  ca l cu la t ed  va lues .  Table A shows t h e s e  d a t a  along wi th  c a l -  

c u l a ~ e d  va lues  of evaporat ion f o r  d i f f e r e n t  concre te  temperatures .  Chart 

No. 1 was prepared t o  r ep l ace  Figure 7 (page 26) i n  o rde r  t h a t  t hese  

d i f f e r e n t  temperature condi t ions  could be more c l o s e l y  dupl ica ted .  

The ca l cu la t ed  va lues  show cons iderable  v a r i a t i o n .  This  can be a t t r i b u t e d  

t o  wind gust ing.  Evaporometer readings  should be taken dur ing  the  h ighes t  

wind v e l o c i t y  t o  f i n d  t h e  maximum evapora t ion  r a t e s .  

Chart No. l provides t h r e e  curves f o r  vary ing  a i r - c o n c r e t e  temperature 

d i f f e r e n t i a l s .  Curve A shows t h e  r e l a t i o n s h i p  between time and the  r a t e  

oaf evaporat ion when the  concre te  temperature i s  10' lower than  t h e  a i r  

teinperature. Curve B shows t h e  re la t ionshLp when the  temperatures  a r e  
, 

t he  same and Curve C shows t h e  r e l a t i o n s h i p  when t h e  concre te  temperature 



is 10' higher than the air temperature. It is recommended that the 

appropriate curve be bsed to obtain the most accurate estimation. 

Readings should be taken under conditions similar to those prevailing at 

the concrete placement site. Temperature and wind are the major variables 

but shade and reflective surfaces can also affect the rate of evaporation. 

It is best not to put the evaporometer on a metal object because of the 

possibility of heat buildup. 

There have been several inquirie,~ ,concerning the filter paper used for the 

evaporometer. It is a Whatman Qualitative Grade #3 and is listed under 

the qualitative filter paBer in chemical supply catalogs. Following are 

a few of the scientific products distributors and their catalog numbers for 

the eleven- centimeter disc Whatman filter paper #3. 

Fisher Scientific Co. '9-820B 

Matheson Scientific 22800-20 

Sargent-Welsch Scientific Co. s 33255-E 

Curtin Scientific Co. 091-942 



Table A 
Field Test Data 

Air - 
Temp. 
OF - 

Humidity 
% - 

Evaporation Rates 
(Pounds Per Square Foot Per Hour) 

Velocity 

mph 

7 

6 

Evaporomet er 
True Rate of 
Evaporation 

Calculated Evaporation Rates 

Concrete Concrete Concrete 
Temp. Temp. Temp. 
at 80 at Air Air +10 F 



Table A - Continued 

Calculated Evaporation Rates 

Air - 
Temp. Humidity Velocity 
OF - % - mph 

Evaporometer 
True Rate of 
Evaporation 

Concrete Concrete Concrete 
Temp. Temp . Temp. 
at 80 at Air Air + 10 F 



ERRATA 

I. A l l  r e f e rences  t o  a two cent imeter  s c a l e  change i n  t h e  he ight  of t h e  f l u i d  

i n  t he  c a p i l l a r y  tub ing  must be changed t o  a one-half inch s c a l e  change. 

I n  Report No. 3-20-70-028, t hese  a r e :  

a. Page 3 ,  Line 3 of t h e  second paragraph. 

b. Page 9 ,  Line 4 from top of t h e  page. 

c. Page 9,  Method o f  Operation, I n s t r u c t i o n  #4. 

d. Page 10,  Figure 1, Label on X-Axis. 

e. Page 11, Figure 2,  Label i n  uppe r - l e f t  p o r t i o n  of graph. 

f.  Page 16,  Figure 7 ,  Label on Y-Axis. 

g. Pages 19,  20 & 21, Table A ,  Label on column f o r  " ~ i m e  f o r  ~ v a ~ o r o m e t e r . "  

11. Appendix Two, Page 23, Ma te r i a l s  L i s t .  Change s i z e  of Cap i l l a ry  Tubing 

t o  read:  

8 inch x 1 2  114 mm I. D. 

Page 24, Change second sentence i n  I n s t r u c t i o n  #3 t o  read:  

"Markings a r e  made every quar te r - inch  and numbered every one-half inch." 



Many methods a r e  a v a i l a b l e  f o r  use  by b i o l o g i s t s  and weather s e r v i c e  

personnel  f o r  measuring d a i l y  evaporat ion r a t e s .  Most of t h e s e  were 

not  adaptab le  t o  t he  Highway ~ e ~ a r t m e n t ' s  f i e l d  opera t ions  s i n c e  

r e s u l t s  must be a v a i l a b l e  i n  minutes r a t h e r  than  days o r  hours.  The 

goal  of t h i s  s tudy was t o  f ind  such a  device  capable of performing 

w i t h i n  these  l i m i t a t i o n s .  

The s imples t  and most l o g i c a l  approach appeared t o  be t h e  modi f ica t ion  

of  e x i s t i n g  devices .  Evaporation pans such a s  t h e  ones used by t h e  

weather s e r v i c e  could no t  be adapted because of t h e i r  s i z e  and method 

of measurement. A change i n  t h e  water  l e v e l  i n  t h e  pan i s  measured by 

us ing  a  c a l i p e r  w i th  a  hook on i t .  The c a l i p e r  s c a l e  could not  be 

reduced s u f f i c i e n t l y  f o r  THD use.  A Livingston Sphere uses  a  porous 

bulb connected t o  a  b o t t l e  by a  g l a s s  tube.  This  might have worked 

but  was judged too  f r a g i l e  f o r  f i e l d  use.  A Piche Evaporometer and 

t h e  Atmometer a s  descr ibed i n  ASTM Test  Method C 157, "Test f o r  Length 

Change of Cement Mortar and Concrete," were t r i e d  dur ing  t h e  course 

of t h i s  study. The Atmometer was made from molded epoxy, f ab r i ca t ed  

metal  p a r t s ,  and f l e x i b l e  tubing.  Severa l  ve r s ions  were t r i e d  but  

they  f a i l e d  due t o  poor l i q u i d  flow t o  t h e  Atmometer. In  t h e  method 

descr ibed by ASTM C 157, c a p i l l a r y  a c t i o n  and su r f ace  t ens ion  of t he  

water  on t h e  evaporat ing paper draw t h e  water  t o  t h e  Atmometer. The 

a l t e r e d  u n i t s  were unable t o  u se  t h e  same c a p i l l a r y  a c t i o n  and have 

r ap id  r e a d a b i l i t y  a t  t h e  same time. 



The use  of t he  Piche Evaporometer (Figure 4 ,  p. 13) was the  most 

successfu l  concept t r i e d .  This  instrument  i s  s i m i l a r  t o  an inve r t ed  

t e s t  tube wi th  f i l t e r  paper held t o  i t s  mouth. Water feeds  by g r a v i t y  

t o  t he  f i l t e r  paper where i t  evaporates .  A i r  bubbles pass  through 

t h e  f i l t e r  paper t o  r e l i e v e  t h e  vacuum from the  displaced water .  The 

instrument was modified so t h a t  t he  i n t e r n a l  diameter of t h e  tube was 

reduced t o  provide a  f a s t e r  v i s u a l  i n d i c a t i o n  of  t h e  evaporat ion r a t e .  

There i s  on ly  a  small  volume of water  i n  t he  c a p i l l a r y  tubing.  When 

i t  evaporates  from t h e  l a r g e  su r f ace  a r e a  of t h e  f i l t e r  paper a  d i s -  

t i ngu i shab le  he ight  change i n  t he  water  column r e s u l t s .  The f i r s t  

modi f ica t ion  (Figure 5 ,  p. 14) admitted a i r  t o  t h e  u n i t  i n  t h e  manner 

descr ibed.  Due t o  t he  small  i n t e r n a l  diameter of t h e  tub ing ,  t hese  

bubbles would block t h e  passage and s t o p  the  water flow. A water  

s o l u t i o n  us ing  a  wet t ing  agent was developed t h a t  a l l e v i a t e d  t h i s  

problem. This  s o l u t i o n  produced smal le r  bubbles t h a t  did not  c l i n g  

t o  t h e  tubing.  This  u n i t  was t e s t e d  under var ious  temperatures ,  r e l a -  

t i v e  humidity s e t t i n g s  and d i f f e r e n t  wind v e l o c i t i e s .  It was found 

t h a t  a t  high evaporat ion r a t e s  t he  f i l t e r  paper evaporat ing su r f ace  

began t o  dry from t h e  edges toward t h e  cen te r .  The r e s u l t i n g  he ight  

change i n  t h e  column then ind ica ted  a  lower evaporat ion r a t e  than t h e  

t r u e  r a t e .  This  apparent ly  was caused by a i r  bubbles being unable t o  

e n t e r  t h e  tube f a s t  enough t o  r e l i e v e  t h e  p a r t i a l  vacuum caused by t h e  

rap id  evaporat ion.  Several  v a r i a t i o n s  were made i n  t h e  water feeding 

system and i n  t he  f i l t e r  paper diameters  but  no s a t i s f a c t o r y  s o l u t i o n  

was reached. 



The modified Piche evaporometer was then  inve r t ed ,  a  new base made, 

and the  s topper  f o r  t h e  f i l l e r  tube el iminated.  I n  t he  present  

modi f ica t ion  (Figure 6 ,  p, 1 5 ) ,  su r f ace  t ens ion  of t h e  water  on the  

evaporat ing su r f ace ,  draws the  water  up the  c a p i l l a r y  tubing.  Since 

t h e r e  a r e  no bubbles i n  t h i s  u n i t ,  t a p  water  can be used. D i s t i l l e d  

water  i s  b e s t  because i t  w i l l  not  leave  mineral  d e p o s i t s  t h a t  could 

i n t e r f e r e  wi th  water  flow and vary  t h e  evaporat ion r a t e .  

Experimentation showed t h a t  t h r e e  cent imeters  was a  good diameter f o r  

t h e  #3 grade f i l t e r  paper.  The l a r g e r  diameters  tended t o  f l u t t e r  i n  

wind c u r r e n t s  and gave e r r a t i c  readings .  F i l t e r  paper i s  a v a i l a b l e  i n  

l a r g e r  s i z e s  and must be cu t  t o  a  t h r e e  cent imeter  diameter .  These 

d i s c s  should be replaced a f t e r  t h r e e  o r  four  uses  t o  keep a  c l ean  evap- 

o r a t i n g  sur face .  

Evaporation t e s t s  were made i n  an environmental room where d i f f e r e n t  

weather condi t ions  could be simulated by changing wind v e l o c i t y ,  tem- 

p e r a t u r e  and r e l a t i v e  humidity. Readings would f l u c t u a t e  s l i g h t l y  

dur ing  ind iv idua l  runs  because t h e  room c o n t r o l s  could c o n t r o l  t h e  

humidity only wi th in  a  6% range. The o v e r a l l  readings ,  however, ap- 

peared q u i t e  s t a b l e  and c o n s i s t e n t .  

Two s e t s  of  d a t a  were obtained us ing  d i f f e r e n t  methods f o r  measuring 

wind v e l o c i t y .  A wind v e l o c i t y  meter such a s  t h e  type used f o r  a i r  

condi t ion ing  measurements was used f o r  t h e  f i r s t  s e t  of da ta .  This  

only measured v e l o c i t i e s  up t o  11 mi les  per  hour and covered too l a r g e  



an area  f o r  good accuracy. The second device  used was an inc l ined  

manometer used wi th  a  p i t o t  tube. With the  manometer, accu ra t e  wind 

v e l o c i t y  readings  could be made exac t ly  a t  t he  evaporometer f i l t e r  

paper.  Higher wind v e l o c i t i e s  could a l s o  be measured. 

Many readings  were made over a  range of condi t ions  so t h a t  evaporat ion 

r a t e s  could be co r r e l a t ed  wi th  t h e i r  ca l cu la t ed  values.  The d a t a  from 

t h e  f i r s t  method was not  used i n  t h i s  r epo r t  s i n c e  the  wind v e l o c i t y  

meter shows an average f o r  an a rea  and was not  a s  accura te  a s  t h e  

second method. The regress ion  curve shape is  only very s l i g h t l y  d i f -  

f e r e n t  but  t h e  numbers i n  t he  equat ion change not iceably .  The p o i n t s  

were p lo t t ed  and a  curve drawn showing t h e  f u l l  range of agreement 

(Figure 2 ,  p. 11) .  From t h i s ,  another  c h a r t  (Figure 7 ,  p. 16) was 

derived.  This  r e l a t e s  evaporat ion r a t e  of t he  evaporometer t o  approxi- 

mate f i e l d  evaporat ion r a t e s .  Since t h e  evaporometer readings do not 

inc lude  a  temperature d i f f e r e n t i a l  between a i r  and pavement, a  higher  

r a t e  i s  used i n  t he  graph t o  g ive  a  s a f e t y  f a c t o r ,  

No f i e l d  t r i a l s  have been performed a s  of t h e  d a t e  of t h i s  r epo r t .  

These t e s t s  a r e  being planned. A supplemental r e p o r t  w i l l  be made 

upon completion. 

A m a t e r i a l s  l i s t  and i n s t r u c t i o n s  f o r  t h e  cons t ruc t ion  of t h e  i n s t r u -  

ment i n  i t s  f i n a l  s t a t e  a r e  shown i n  Appendix 11. 

V I I .  OPERATION 

This  device  i s  simple t o  opera te .  A l a r g e  evaporat ing su r f ace  i s  



provided by a  p i ece  of f i l t e r  paper.  A l imi ted  supply of water  f o r  

evaporat ion i s  held i n  t he  c a p i l l a r y  tubing.  The movement of t he  

meniscus i n  t h e  tubing al lows measurement of t he  evaporat ion r a t e .  

This  movement i s  timed over a  two cent imeter  i n t e r v a l  and the  evapo- 

r a t i o n  r a t e  i s  determined from t h e  c a l i b r a t i o n  curve (Figure 7,  p. 16) .  

The Method of Operation i s  a s  Follows: 

1. A t h r e e  cent imeter  diameter ,  /I3 grade,  f i l t e r  paper d i s c  i s  placed 

between the  g l a s s  rod and t h e  c a p i l l a r y  tube. 

2 .  The device i s  inverted and d i s t i l l e d  water  i s  poured i n t o  the  

p l a s t i c  tubing. 

3 .  Separate  t he  g l a s s  rod and the  g l a s s  tub ing  s l i g h t l y  so t h a t  t h e  

water w i l l  f i l l  t h e  c a p i l l a r y  tube and wet t he  paper.  By al lowing 

t h e  meniscus t o  drop down t o  the  edge of t he  c a p i l l a r y  tube,  t h e  

surp lus  water can be removed from t h e . f i l t e r  paper a f t e r  t he  paper 

i s  s a tu ra t ed .  

4. Now the  device i s  turned up r igh t  and readings  made. When the  

meniscus passes  a  mark, time i t s  movement f o r  t h e  next two c e n t i -  

meters.  

5. The time i s  then entered on the  graph i n  Figure 7 and t h e  evapo- 

r a t i o n  r a t e  i s  read d i r e c t l y  i n  pounds of water  per square foot  

su r f ace  a rea  per  hour. Af t e r  t h e  evaporat ion r a t e  has been found, 

t he  dec i s ion  a s  t o  when t o  take  p r o t e c t i o n  s t e p s  may be made. 



Power Curve Regression Analysis 

E = 11.367 t-1*133 

Coefficient of Correlation, r, 

r = 0.975 

100 200 300 400 

Time in Seconds for Water Column to Move Two Centimeters 

Figure 1 

- lo - 



Original  Evaporation Chart Showing 
the  Ef fec t s  of Temperature Variat ions 

Evaporation Rate 
( lbs . / sq .  f t . Ih r .1  

Figure 2 



Norrrograpti From "t<+rn 420 YET) S p e c i a l  P rov i sLons  

To use t h ~ s  chart 

Enter w ~ t h  oir temp- 
erature; move yg to 
r e l a t ~ v e  hum~dl ty  
Move r t g E  to cot?- 
cretd t e m g ~ f o t u r e  
M0v2 $m to w~nd 
velocity 

M0ve.L f ; read o w m  F rate o evaporOt10n 

EJfect of Concrebe ond nit tempernfures, relative 
hunridity, and wind velocity on the rate of evapo- 
ration oj surface rnoi.trrrre front concrete. 

Figure 3 

- 12 - 



The P iche  Evaporometer F igure  4 



Figure 5: 

Original Version of the Evaporometer 

Modification 



Final Version of the Evaporometer 

Figure 6 

- 15 - 



Chart 1 
(Replaces Figure 7) 

Evaporation Rate (lbslsq ftlhr) 

Curve A shows the correlation when concrete temperature is 10 degrees 
less than air temperature. 

Curve B shows the correlation when concrete temperature is the same as 
air temperature. 

Curve C shows the correlation when concrete temperature is 10 degrees 
higher than air temperature. 
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APPENDIX I 



Table A 

Comparison of Evaporative Rates at Various Ambient Temperatures 

Variables Time For 
Wind - Relative Calculated Evaporometer Evaporometer 

Temperature Velocity Humidity Evaporation 2 cm Change Evaporation 
OF mph % lbs/sq ft/hr seconds lbs/sq ft/hr 



Table A - Continued 
Variables Time For 

Wind - Relative Calculated Evaporometer Evaporometer 
Temperature Velocity Humidity Evaporation 2 cm Change Evaporation 

OF mph % lbs/sq ft/hr seconds lbs/sq ft/hr 



Table A - Continued 

Variables Time For 
Wind - Relative Calculated Evaporometer 

Temperature Velocity Humidity Evaporation 2 cm Change 
OF mph % lbs/sq ft/hr seconds 

Evaporometer 
Evaporation 
lbs/sq ft/hr 
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Quan t i ty  S ize  - 

MATERIALS LIST 

Descr ip t ion  

1 each 3 x 8 inch 18 gauge aluminum o r  s t e e l  

1 each 1 x 3 inch  18 gauge aluminum o r  s t e e l  

1 each 8 inch x 1-114 mrn Cap i l l a ry  tub ing  
I. D. 

1 each 1 inch x 114 Sol id  g l a s s  rod 
inch diameter 

1 each 6 inch  118 Brass rod 
inch  diameter 

1 each 1-112 inch x 
114 inch  I . D .  

3 each 8 inch x 118 
inch  diameter 

1 each 

2 each 

Tygon p l a s t i c  tubing 

S t e e l  rods  

1 x 6-112 inch Colored paper 

6-32 x 112 inch Machine screws w/nuts o r  118 
inch pop r i v e t s  

3 cm diameter #3 Grade f i l t e r  paper (cu t  
from l a r g e r  s tock)  



EVAPOROMETER CONSTRUCTION 

Figures  8 and 9 show t h e  p a r t s  and layout  f o r  cons t ruc t ion .  

1. The frame (A) i s  made of 18 gauge aluminum o r  s i m i l a r  s t r e n g t h  

metal .  D r i l l  t h e  ho le s ,  make the  c u t s  and bend i n t o  shape a s  

shown i n  Figure 9. 

2. Make t h e  bracke t  (B)  of t he  same ma te r i a l .  It i s  cu t  ou t ,  d r i l l e d ,  

bent  a s  shown, and then  fastened t o  t h e  frame by r i v e t s  o r  6 x 32 

screws. 

3.  The s c a l e  (S) i s  drawn on paper and then  glued onto t h e  frame. 

Markings a r e  made every cent imeter  and numbered every two centimeter 

A dark  o r  colored paper he lps  t h e  meniscus t o  be more v i s i b l e .  The 

paper used should be sprayed wi th  c l e a r  Krylon t o  p r o t e c t  i t  from 

t h e  weather.  

4. An e i g h t  (8)  inch l eng th  of 1-114 mi l l imeter  i n t e r n a l  diameter 

c a p i l l a r y  tub ing  (C) i s  ground f l a t  a t  one end wi th  320 wet sand- 

paper.  Wet gr ind  t o  prevent  g l a s s  d u s t  from g e t t i n g  i n t o  t h e  a i r .  

5. A one (1)  inch  l eng th  of 114 inch diameter g l a s s  rod (D) i s  ground 

f l a t  on one end. Wet gr ind  t o  remove sharp edges on t h e  o the r  end. 

6. A s i x  (6)  inch l eng th  of 118 inch diameter b ra s s  rod (E) i s  bent 

i n t o  a U shape. Both ends a r e  then bent  f o r  one t u r n  around a 114 

inch  rod. 



7. Cut a  1-1/2 inch l eng th  of 1 /4  inch  i n t e r n a l  diameter p l a s t i c  

tub ing  (F) such a s  Tygon. 

8. The c a p i l l a r y  tub ing  (C) i s  epoxied t o  t h e  frame wi th  the  metal  

rod (E) on one end and the  p l a s t i c  tub ing  (F) on t h e  o the r .  Af t e r  

t he  epoxy has cured, t h e  s o l i d  g l a s s  rod (D)  i s  epoxied t o  t h e  

bent  metal  rod (E) so the  g l a s s  su r f aces  of t h e  rod and c a p i l l a r y  

tub ing  a r e  f l u sh .  

9.  Make t h e  s tand  of t h r e e  metal  rods ;  each 1 /8  inch  i n  diameter and 

8  inches long. Braze t h e  rods toge the r  a t  one end and bend the  

f r e e  ends t o  form a t r i pod .  

10. Cut a  3 cent imeter  diameter  d i s c  (H) from l a r g e r  shee t s  o f  #3 

grade f i l t e r  paper. This  can be done by marking a  c i r c l e  and then  

c u t t i n g  i t .  

11. I n s e r t  t he  t r i pod  base ( G )  i n t o  t h e  s l o t  between the  frame (A) 

and the  bracket  (B). 



Expanded Evaporometer View 

Figure 8 
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Figure 9 

Evaporometer Parts A&B Pattern 




