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UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 4907-92

PROCEDURE FOR

SPECIFIC HEAT OF AGGREGATES, CONCRETE,
AND OTHER MATERIALS

INTRODUCTION

This test procedure is under the jurisdiction of the Concrete and Structural Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 4907; the number immediately
following the designation indicates year of original adoption or year of last revision.

1. Scope

1.1 This designation covers a procedure for determin-
ing the mean specific heat of concrete, aggregates, and
other materials. While the description of this procedure
mentions only concrete, it is applicable to any material
that will fit in the calorimeter.

2. Applicable Documents

2.1 USBR Procedures:
4192 Making and Curing Concrete Test Specimens in
Laboratory

22. ASTM Standards:
C125 Standard Definitions of Terms Relating to Concrete
and Concrete Aggregates!
C168 Standard Definitions of Terms Relating to Thermal
Insulating Materials?

3. Summary of Procedure

3.1 A sample of known mass is placed in a calorimeter,
and a known amount of heat is then applied to calorimeter.
The specific heat of the specimen is calculated from its
temperature rise after applying corrections to heat input
to calorimeter.

4. Significance and Use

4.1 Specific heat, which is the amount of heat required
to raise the temperature of a unit mass of material by
1%, is expressed in this procedure as British thermal units
per pound mass degree Fahrenheit and as joules per
kilogram degree Celsius. This determination is made by
measuring the net heat required to raise the temperature
of a specimen by a given amount.

42 The temperature regime and resulting thermal
stresses in mass concrete, during its early life, are a function
of the rate of heat evolution produced by cement hydration,

spedific hea, thermal conducervity, aad deasiy of the

Ml Book of ASTM Standards, vols, 04.02, 04.03.
" Asecal Book of ASTM Standards, vol. 04.06.

concrete. Thus a knowledge of the thermal properties of
concrete is necessary for establishing temperature control
procedures during construction. Because aggregate
comprises most of the volume of concrete, a measurement
of the specific heat of the aggregate gives a good indication
of the specific heat of the concrete.

5. Terminology

5.1 Terms used in this procedure are as defined in
ASTM C 125 and C 168.

6. Apparatus

6.1 Calorimeter~The calorimeter described in this
procedure was designed for concrete, and uses an 8- by
16-inch (203- by 406-mm) cylindrical specimen cast with
a 1.5-inch (38-mm) di hole ding the length
of the specimen. However, the calorimeter can be used
for any material where the test specimen can be adapted
to fit.

6.1.1 The calorimeter shall consist of two containers
separated by a layer of insulation. The inner container,
which holds specimen and water, shall be made of stainless
steel or copper. The outer container may be made of sheet
steel. Specimen shall rest on a support that will permit
circulation of water and minimize thermal conduction
between specimen and calorimeter wall. A micarta base
has been found to be satisfactory for this support.

6.2 Seirrer—A brass stirrer capable of maintaining
circulation of water through inner container of calorimeter.

6.3 Heater-An immersion heater, with associated
equipment to measure heat input, capable of raising
temperature of inner container of calorimeter, including
specimen and water, by 20 °F (11 °C) in 45 minutes.

64 Thermometer—A thermometer graduated to 0.1 °F
(0.06 °C), or a recording thermometer capable of being
read ro this same precision in the range from 32 to 150 °F
(010 65.6 °C).

6.5 Sawles-Scales shall be capable of determining mass

of le within an cy of 0.1 percent.

X

MNOTE 1.-The specific heat apparatus currencly in use ac the
Bureau's Denver Office has been automated to include data
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USBR 4907

acquisition, calculation, and control. Power to the immersion
heater is measured by a wart-hour calibration standard reading
to 0.0006 wart-hour. Temperature is determined using a platinum
RTD (resistance temperature detector). The operation of this
controlling and recording unit is described in section 12. Figure 1
shows an RTD with a calorimeter that has been found satis-
factory for 8- by 16-inch (203- by 406-mm) cylinders. Figure 2
shows the propeller inside the calorimerer,

Figure 1. - Controlling and recording instrumentation
for conducting tests to determine specific heat of

Figure 2. - Propeller.

7. Materials

7.1 Any material capable of being placed in the
calorimeter may be tested.

8. Precautions

8.1 This test procedure may involve hazardous
materials, operations, and equipment, and does not claim
to address all safety problems associated with its use. It
is the responsibility of the user to consult and establish
appropriate safety and health practices and determine
applicability of regulatory limitations prior to use.

9. Test Specimens

9.1 While any shape specimen may be tested, the 8-
by 16-inch (203- by 406-mm) cylinder with a 1.5-inch
(38-mm) hole through the center provides excellent
circulation of water and accurate results, see figure 3.

9.2 Concrete specimens shall be fabricated in accor-
dance with the applicable provisions of USBR 4192,

b

Figure 3. - Mold and 8- by 16-inch (203- by 406-mm)
cylinder with a 1.5-inch (38-mm) hole through the center.

10. Calibration and Standardization

10.1 The calibration and standardization of miscellane-
ous equipment or apparatus used in performing the tests
listed under the Applicable Documents of section 2 are
covered under thar particular procedure or standard directly
or by reference.

102 Determine the water equivalent of the calorimeter
by substituting water for the test specimen and making
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a normal run. It is recommended that the average results
of several runs be used.

11. Conditioning

111 No conditioning of the saturated specimen is
necessary; however, if specimen temperature is about the
same as the water bath temperature, initial equilibrium
will be attained sooner.

12. Procedure

12.1 Initially, determine mass of specimen. The
specimen should then be immersed in an accurately
measured quantity of water in the inner container, Heater
and propeller should then be inserted, cover placed on
container, and heater connections made.

12.2  Start stirrer and continue stirring until equilibrium '

temperature has been reached as indicated by time-
temperature curve becoming linear, as shown on figure
4. This may require 1 to 2 hours.

12.3  Read initial temperature 7;. Continue stirring for
30 minutes and then read temperature 7;. The temperature
change during this 30-minute interval will be used in the
calculacions as a correction for heat loss or gain from
calorimeter during test.

124 Turn on heater for 45 minutes or until a
temperature rise of about 20 °F (11 °C) has occurred.
Record total heat input.

125 Turn off heater, continue stirring, and make
temperature readings until time-temperarure curve is again
linear. Record the temperature when curve is linear as
Ta

126 Continue stirring for 30 minutes and make
another temperature reading, which is recorded as 77 This
final 30-minute interval will be used as a correction factor
along with the initial 30-minute interval.

127 When using the automatic dara acquisition and
control unit to monitor and control the test, follow the
steps in 12.7.1.

12.7.1 Connect the RTD to the dara acquisition and
control unit. The four-wire ohms rechnique is used to
measure resistance of RTD. A computer controls the
control unit and records temperature data from RTD. A
high-order polynomial equation is used to convert RTD
resistance to temperature. After initial equilibrium is
reached, computer is instructed by operator to apply power
to heater. The computer commands the control unit to
close a relay, which in turn closes a solid-state power relay
o apply power to heater. At this point, the watt-hour
standard starts sending out pulses which are counted by
control unit. The computer records the temperature and,
when temperature has increased by 20 °F (11.2 26,
computer commands control unit to remove power from
heater. The toral pulse count is transferred to the computer
and the apparatus is again allowed to reach equilibrium.
At this point, computer calculates the specific heat and
generates a graph of the remperarure dara. A block diagram
uf:henppummmdmpummnmliss}mnmﬁgum
p

12.8  Perform the test at each of two mean temperatures
of about 50 and 140 °F (10 and 60 °C).

13. Calculations

13.1  When using the automatic data acquisition system
described in section 12.7.1, the computer calculates the
specific heat and generates a graph of the temperature
dara.

13.2  Calculations for a typical test are shown on figure
6. For this example test, S-minute intervals were used;
however, any interval can be used. For most automated
procedures, such as the one described in 12.7.1, 1-minute
intervals are used.

133 To calculate the true remperature rise, the test
should be divided into three temperature periods: an initial
period from Tj to To, heating period from T, to T;, and
final period from T, to Tz The temperature rise is equal
0 Tn - To + T, where T; is a calculated temperature
correction. This correction is actually a summation, of
opposite sign, of the temperature drifts per interval during
the heating period calculated from drifts determined during
the initial and final periods. The increase in temperature
drift between the initial and any intermediate interval is
to the increase in temperature drift berween initial and
final periods as the average temperature difference berween
initial and same intermediate interval is to the average
temperature difference between initial and final periods.
Mathematically, this proportion can be stated:

T = - 0G— [9;6'] [<n+n+,.,+ o)

To- Ta
L+
iy | (1)
where:
T. = temperature correction factor,

n = number of intervals during heating period
(usually 1- or 5-minute intervals),

G = average temperature drift (algebraic) per
interval during initial period,

average temperature drift (algebraic) per
interval during final period,

average temperature during initial period,

average temperature during final period,

temperature at end of initial period and at
start of heating period,

temperature at end of heating period and at
start of final period, and

Ty, Ts,... Ts = temperature at intervals of heating

period.

= o
mnnon

53
Il

134 The specific heat of the concrete in British thermal
units per pound mass degree Fahrenheit or joules per
kilogram degree Celsius is equal to the total heat input
minus the heat required to raise temperature of water and
calorimeter divided by corrected temperature rise and mass
of specimen (fig. 6).
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13.5 Figures 7 and 8 are included to establish factors Table 1. - Summarization of cycle runs.
used in the example shown on figure 6. ; =
13.6 The water equivalent of the calorimeter, as shown Specimen  Cycle Start  End  Average  Specific
on figures 8a and 8b, must be reestablished for each No. T',"];P" Te,“;P" T’,"l’:p" B []'Ibi:: 45
calorimeter used. The water equivalent of the calorimeter Gt D)
currently used by the Bureau is shown on figures 8¢ and Specimen No.2 1 3108 5001 4046 0.378
8d. 9-25-85 2 4980 6794 s897 248
13.7 When using the automatic data acquisition system 68.78 Ibm 3 6794 8489 7652 254
described in section 12.7.1, the computer has been 4 8509 10049 9290 260
programmed to compute the factors internally to provide 3 10090 11506 108,08 266
data similar to that shown on figures 7 and 8. 6 1567 12820 12207 270
13.7.1 A computer printout utilizing the automatic ; ::‘;?2? ;gg;; ;i;‘gi g;?
data acquisition system described in section 12.7.1 is ; i : '
illustrated on figure 9. ;
1B72 A summarization of cycle runs for two SP;‘;;; 2 ; 2;;3 ;é;g g:;; ;i:
specimens is shown in table 1 that generates the regression 68.84 Ibm 3 7071 8864 7980 256
equartions for the linear (straight line) versus parabolic 4 8880 10495 97.00 262
curves illustrated on figure 10. 4 10536 11955 11255 276
6 12015 13293 12666 280
14. Report 713377 14573 139.84 284
141 Figure 11 shows a typical rej rting form for the . i
thermal properties, which pconsisl: of conductiviry, Spﬁ?m T:,:;r:'g;-) HS:: ;f.-:-c}
diffusivity, and specific heat. The report shall include: °F  Bru/(lbm - °F)
¢ Identification of constituents of sample.
* Mixture proportions, if concrete. 2 3897 0.248
» Two average temperatures. g ?é?; i;:
« Specific hear at each temperature. 3 2980 256
= 0 2 92.90 260
15. Precision and Bias 3 5750 s
Y 2 108.08 266
15.1 The precision for this procedure has not been 3 112.55 276
determined. 2 122,07 270
152  There is no known bias. 3 126.66 1280
2 13492 278
3 139.84 284
2 147.05 291

Specific heat equations:
§=0.221947 + 0.0004373 T, or
§=0.243342 - 0.0000588 T+ 0.00000243 T2
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Spec. or Structure Tested Date
Sopleiz No. Lam byx:? Harsos . F-45

Project ltem Coscosre Computed by Date
ANYEN Fecrry Linsr Tocation e & HARBOLE ;) 2a0

Feature Station Offser Checked by e
Canvon Ferry DAME A 2. pr to C Hoacranp /- &-4F

SPECIFIC HEAT OF AGGREGATES, CONCRETE, AND OTHER MATERIALS
Specimen No.; £ Af» Ne, /s
Time, Temp., Mass of specimen = &&. 23 bm Heat inpur= 225 795 revolutions
Temp. min, °F Mass of water = /2 9¢ Ibm Revolutions times 2.056 = Bry's
T A
? F222 G =T5-T}=327o-322::n LW o080
10 n & 3 3
15 = Jee T _54.95—54.?3= R s
2 OISR, 222 ayey
25
5 0 13775 Gg-¢ = —0.043%
¥4} 35 39.é0 :
T 0 <238 n=liZn = B22BLINTC \ 3746
e 45 FL &/
T N les| . _n+7, = ELISPEE oy pgop
T 5 | F8 5 2 2 y
T 60 50.67 n_n-_—,/zgg‘/.-
5 65 . 85 G- C T+ T
T D 154711 1. =_pe. [G- J[T+B+...+T23)+ L (-anﬂ
B ) A ;
T 80 54 24 o _ [~o.043 (F270 ¢54.73) _ 2403792
T 35 | 5477 Toddn.on) [W]ﬁ SOhR E y
Tia N |59 55 ==/lF20 4 (o.00z2474) (345 38)
I 7 S-lt920t0.542=-lo5Fr
Tiy 100 | 529,43 ise = T, - 1. =5473-3270- /04 =I597°%F
T 105 o on Temperature rise T - T+ [
s 110 | s g SRS FZ70+ 54,75 =g 22
— -_— — -____'_——- .
T 115 | s.47] Average cemperature =G = 2
I 1
T:: lgg .‘::::b Hear inpur =¢z2 5.995)(2.256) = HAE3. 6/8 B
T 130 |5%.58] *Hear to water = (7. 0028)(z P85 97) = 2oy S5 B,
;:21 ___1133 _f'; . :52_ **Heat 1o calorimeter =} ?2715.97)= 22 2ay Bt
T [ 145 [5% 5g] Hea o concrete = 4;:}‘;: L ON ISR 26/ pop Fob G
T 150 |59 73 | Specific heat = ?m, =o.2/00 Jz‘uﬁ.én-'ﬁ)
155
160
165
170
175
I; 1 54, 9
* Obrain factor from figure 7a.
w4k

Obrain factor from figure 8a,

Figure 6a. - Typical calculation form (inch-pound units).
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Project ltem Conrcmera Compured Date
Canvony LERRY Linsr Location £ HArgos VALY ]
Feature Station _ Offser Checked by e
Caymy&anrmm{-ﬁm £, o G HoacLano /- &-gp
SPECIFIC HEAT OF AGGREGATES, CONCRETE, AND OTHER MATERIALS
Specimen No.: CFEMo No,
Time, T Temp, Mass of specimen = 37 75 Heat input = E25 F95 revolutions
pect =&, 73 p
Temp. | min, il & Mass of warer = 5.88 kg Revolutions times 2. 169 = kJ
Lo 0 T oes|
To- T; /7~ 2.9 e.27 -
51— ¢ =5:0_ 3/7-290 _ 227 . voss
-1._ G=2=Tp. /2.75-,2. 63 = a2 =0 020%
S (79 1 n e &
F 30 32./7 G-G ==c.025%
5 35 +22
P90 1577 n= Lt5 SILHINT o 5 0ans
Y N
}1_: [ 50 | #oq | T= -_____7?;' S ————___,_’9-75; 2243 o697
L | 60 170371
L |6 |/zs8]
7 /2.52] B-TL=9ésc
229/ ] T, =-uG,- %—:—?-]En + Bt Ty (I—;-—Tl (-nTs)

i
ek

=-24(2.0¢5) - [—'-'—5:%‘?;][};9.44;

= -Lofot(vooz59,) (125 3g)

==l oPost oSOl = ~—2. 579
Temperature rise = - T+T;

L+
2

Average temperature =

gﬁ
i

T 35 Heat input =¢z2s; FPS)(2. /69) = 29099 LT

T | 10 T/2s8] ay,, © water =(£/985)(5:28)(2 75)= 2/9.222 4T

.B-m **Heat 1o calorimerer = (7.239)(ns8) =2F5.762 kJ

= -.EEE] Heat to concrete =:::.;;?-3/ V.222-28 7ez=24( /5 kT

.@._ Specific heat = -(_JT;;‘)?ET;J =0. 8773 kT Cks- )
Ry =1
T o by

77 m

* Obtain factar from figure 7b.
** Obrain factor from figure 8b.

=/2.é3-3 47

;@' bl r;.,»z. 49_ 2403, M)]

O.579=F s5°

e
Figure Gb. - Typical calculation form (Sl-metric),
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SPECIFIC HEAT OF WATER, Biu/(Ibm-°F)

SPECIFIC HEAT OF WATER, kJ/lkg-°C)
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Figure 7a. - Specific heat of distilled warer (inch-pound units).
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Figure 7b. - Specific heat of distilled water (SI-metric).
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240 ‘ ] |
THERMAL PROPERTIES — SPECIFIC HEAT
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CORRECTION CHART F\‘JIR OBTAINING WATER EQUIVALENT -
FROM AVERAGE TEMPERATURE 5 2
2.00 %
/ 18-24
24-30
1.80 5
Note: Use curve T24-30 when
method for determining
< specific heat described in
u Lab Re NO. CE-39 15 used.
140
10 30 50 70 %0 1o 130 150 170
°F
Figure 8a. - Water equivalent of a calorimeter (inch-pound unis).
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417 |
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e <7
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342 5
Note: Use curve T24-30 when method
= for determining specific heat
o described in Lab Report NO.CE-39
) is used.
304 =
L : IE8
2665 C 10 20 30 40 50 60 70

°c

Figure 8b. - Water equivalent of a calorimeter (SI-metric).
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Figure 8c. - Water equivalent of a calori ly used by Bureau of Reclamation (inch-pound units).
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Figure 8d. - Water equivalent of a calori Iy used by Bureau of Reclamation (SI-metric).




USBR CONCRETE LABORATORY
SPECIFIC HEAT TEST

Project: BUFFALD BILL DAM
Specimen No: SPECIMEN TWQ
Date: 25 Sep 1985

Data file: BUFFBE_I:HPBZEB,?BZ
Specimen weight: B8.78 pounds

TEMPERATURE CYCLE 3

TEMPERATURE - DEGREES F

USBR 4907

.9
.9
.3
+9
.4
.0
+5
.9
3
.4
.0
.8
o7
.6
.6
.5
.4
.4
3
.2
o
.1
@
.9

4

67.9
67.9
67.9
70.4
74.7
78.4
81.8
85.2
87.9
B6.4
86.0
Bs.8
85.7
85.5
BS.6
B5.5
B5.4
85.3
85.3
8s5.2
85.1
BS5.1
85.0
84,9

5

67.9
67.9
67.9
70.9
75.1
18,7
82.2
B5.6
87.6
B6.3
86.0
85.8
85.7
B5.6
85.5
BS.5
85.4
85.3
85.3
85.2
B5.1
85.1
85.9
B4.3

67.9
67.9
67.9
71.4
75.5
79.0
82.5
B5.9
87.3
B6.2
85.9
B5.8
B5.7
85.5
85.5
85.5
B5.4
85.3
85.3
85.2
BS.1
B5.1
85.0
84.3

= -.@00681 degrees F

84.89 degrees F

TIME 2 1 2 3
420 67.9 7.9 67.9 ' &7
430  67.9 67.9 67.3 g7
440 67.9 E7.9 67.9 67
450 67.9 8.6 69.3 69
460  73.2 73.8 T4.0 74
478 76,9 T7.3 70T 78
480 80.5 @gp.g 81.1 81
49¢  83.9 4.2 B4.6 g4
500 87.3 g7.g 87.9 88
510 B86.7 86.§ B6.5 88
520 86.1 8B,1 86.0 86
530 85.8 @g5.9 85.8 @85
540 85.8 85,7 85.7 85
550 85.7 85,7 85.7 85
560 85,6 @5.§ 85.6 85
570 85.5 85,5 B5.5 85
580 B85.4 85,4 B5.4 g5
590 85.4 5.4 85.4 g5
00 85.3 5.3 85.3 s,
610 gs5.2 85.2 85,2 g5
620 85.2 5.2 85.2 g5
630 85,1 B5.1 85.1 85
640 85.8 g5, 85.8 85
650 85,0 5.9 84.9 g4
G6@ 84,9

CALCULATIONS

CA = 0.o0ee0 degrees F Cb

Ta = E7,94 degrees F Tb =

Average temperature =

Te =

Temperature rise =
Heat input =

1.1338 degrees F

158.98 watt-hour

Weight of water = 11.82 pounds

Specific heat of water at 76.5 degrees F =

Heat to water =215.71 Btu

Heat to calorimeter =
Weight of concrete spec

Heat to concrete = 319.17 Btu

Specific heat of concrete specimen at

18.29 degrees F

4.65 Btu
imen = 68.78 pounds

76.52 degrees F

539.53 Btu

d from

ic dara

67.9
67.9
67.9
1.9
75:9
79.4
B2.8
B6.3
87.1
B6.2
85.9
85.8
BS.7
B5.6
BS.5
B85.5
85.4
85.3
85.3
85.2
85.1
85.0
85.0
B4.9

Fﬁnu:9.—1}pkﬂ

output

677

67.9
67.9
67.9
72.3
76.2
79.8
83.2
B6.6
B7.0
B6.1
85.9
85.8
85.7
85.6
85.5
85.5
BS.4
85.3
B85.2
85.2
85.1
B5.0
B85.0
B4.9

+3976 Btu/(1b-F)

system.

67.9
67.9
67.9
72.8
76.6
B@.1
83.5
86.9
86.8
86.1
85.9
85.8
85,7
85.6
85.5
85.4
BS5.4
85.3
B85.2
85,2
85.1
85.@
BS.0
B4.9

76.5 degrees F = 254 Btu/ (1b+°F)
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USBR 4907
Spec. or Strucrure Tested by M. Feaso0y M. C4sHDate
Solic No. PE5/6M 57465 LAM Moeopiricarion DArvey, £ TraveeS  9£/0-35)
Project Item Concrers Mix Desica Computed by Date
SHOSHONE Loaition& £ 2 _Crnree. 2, ComPUTER 7£70-95]
Feature Station _— [— Checked by Date
Burraro By Dam IEDhES e e M. Fragopy 7£10-8:
SPECIFIC HEAT OF AGGREGATES, CONCRETE, AND OTHER MATERIALS
MIX DATA
Ibm kg mL
Water /&e
Type Z/Z cement 245
Class _~ _ flyash los
Fine aggregate 72¢
Coarse aggregate 2,675
Volume of air-entraining admixrure,
.50z /94 Ibm (kg), C+ P o5
Volume of water-reducing admixture,
%022/94 Ibm(kg), C+ P 90
Mineralogic makeup of aggregate: Lesmam sy / imesrows
THERMAL PROPERTIES
Concrete Saturated
Temp. (T) density (P) Diffusivity (D) Specific hear (5) Conductivity (C)
°C | °F [ibm/fo | kg/m® | fe/n mi/h | Bew/(bm-°F) [ W/(kg-°C) | Bru/(fh°F) | kJ/(mheC)
7o) — Q038 2 244 440
/00| /57,5 0.036 0.266 445
IS0 — 0. 034 0,258 148
NOTE: D = 4039636 - 0.0000396 T
$=0.22)/947 + O.000%375 T
C = PDS

Figure 11. - Typical reporting form for thermal properties.




UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 4910-92

PROCEDURE FOR

COEFFICIENT OF LINEAR THERMAL EXPANSION
OF CONCRETE

INTRODUCTION

This test procedure is under the jurisdiction of the Concrete and Structural Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado, The procedure is issued under the fixed designation USBR 4910; the number immediately
following the designation indicates year of original adoption or year of last revision.

1. Scope

L1 Most unrestrained engineering materials expand
when heated and contract when cooled. The strain due
to a 1°-temperature change is known as the coefficient
of thermal expansion. This coefficient is approximarely

for a iderable range of temperatures, and
generally increases with an increase in temperature. For
2 homogeneous, isotropic material, the coefficient applies
to all dimensions in all directions. This test designation
covers a procedure for determining the thermal coefficient
of expansion for hardened concrete in a saturared,
intermediate, or dry-moisture condition.

2. Applicable Documents

2.1 USBR Procedures:
4042 Obtaining and Testing Drilled Cores and Sawed
Beams or Cubes of Concrete and Shotcrete
4192 Making and Curing Concrete Test Specimens in
Laboratory

3. Apparatus

3.1 Holding Tank~An insulated, copper-lined tank to
hold circulating water.

3.2 Warer Tank-A water tank containing electric
immersion heaters and refrigeration coils capable of
maintaining circulating water at constant temperatures
berween 35 and 90 °F (1.7 and 32.2 °C).

3.3 Recorder—A thermocouple recorder to record
WAaler temperature versus time.

34  Refrigeration Unit~A freon refrigeration unit for
lowering water temperature.

3.5 Controller-A controller for regulating water
temperature. Controller should automarically turn heater
and refrigeration units on and off,

3.6 Sreel Frames.~Invar steel, level frames for holding
concrete test specimens as they are lowered into warer
(six required).

3.7 Thermometer~A thermometer with a range of 35
0 90 °F (1.7 to 32.2 °C), and with an accuracy of 0.1 °F
(0.16 °C).

3.8 Transformers.~For measuring length change
during testing, six LVDT's (linear variable differential
transformers) are required,

3.9 Transducer Indicators~Two amplifier transducer
indicators are required. These indicators are high-
sensitivity, differential transformer, input modules for
reading summation of length change occurring in cthree
of the test specimens. The normal length change range
selection for concrete is set so thar a full scale division
is 0.01 inch (0.25 mm); the scale is divided into 100
divisions.

3.10  Other types of sensing, controlling, and recording
equipment and instrumentation can also provide satisfac-
tory results. This system is being described somewhat in
detail for the benefic of Bureau personnel who will be
conducting the test with this equipment.

4. Precautions

4.1 This test procedure may involve hazardous
marerials, operations, and equipment, and does not claim
to address all safety problems associated with its use. It
is the responsibility of the user to consult and establish
appropriate safety and health practices and determine
applicability of regulatory limitations prior to use.

5. Sampling and Test Specimens

5.1 Six concrete test specimens are sawed as 2- by 2-
by 4-inch (50- by 50- by 100-mm) prisms obtained in
accordance with USBR 4042, or cast as 2- by 4-inch (50-
by 100-mm) cylinders made in accordance with USBR 4192.
Invar buttons are then epoxied onto the ends of the
specimens. The buttons are recessed to accommodate the
tips of the holding frame during testing. Length
measurements are made to nearest 0.01 inch (0.25 mm),
and resting normally occurs in a 100-percent vacuum
saturated condition, as close to zero load as possible.

5.2 Inour previous test procedures, mass concrete has
been tested ar three different moisture conditions to
determine difference in thermal coefficients ar each state.
These three conditions are 100 percent dry, 100 percent
vacuum saturated, and 75 percent vacuum saturaced. If
testing by these conditions is requested, 12 specimens are
prepared in 2 groups of 6 each. All specimens are oven
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dried ar 190 °F (87.8 °C) to initiate testing under equal
conditions,

5.2.1 During initial drying of first set of specimens,
mass is determined until no loss of the mass is observed.
Specimens are immediately dipped in heated paraffin wax
to sustain this 100 percent dry condition.

5.2.2  Afrer initial drying, second set of specimens
are vacuum saturated and their mass determined until no
increase in mass is observed. Specimens are immediately
submerged in a water bath of constant temperature to
sustain this 100 percent saturated condition.

5.23 The second set of specimens, which were
previously tested in a fully saturated state, are also used
for obraining data in a partially saturated condition. The
fully saturated specimens are dried and their mass
determined until they reach a condition of 75 percent
saturation. To remain in this state, specimens are
immediately dipped in heated paraffin wax. The highest
values for coefficient of thermal expansion are normally
obrained in this 75 percent saturated condition.

6. Calibration and Standardization

6.1 The calibration and standardization of miscellane-
ous equipment or apparatus used in performing the tests
listed under the Applicable Documents of section 2 are
covered under that particular procedure,

6.2 The LVDT's are calibrated on the thermal
expansion testing apparatus as follows:

Step 1.-Place test specimens in tank.

Step 2.-Ser ABC selector switch to A of TAI (Transducer
Amplifier-Indicator).

Step 3.-Set range selector to STANDBY. Adjust meter
screw for zero reading.

Step 4.-Turn sensitivity to maximum (clockwise) and
set zero knobs to center point (arrows point upward).

Step 5.-Repeat steps 1 through 4 for second TAL

Step 6.-~Turn range selector to NULL.

Step 7-Unlock adjustment knob on frame and set LVDT
for zero meter reading, lock LVDT, and adjust with
“mechanical adjustment knob” to bring needle as close to
zero as possible. Lock manual adjustment knob.

Step 8~Fine adjust to zero with proper null screw.

Step 9-If necessary, alternate mechanical and null
adjustment to bring needle as close to zero as possible.

Step 10-Set ABC selector switch to B, and repeat steps 7
through 9.

Step 11.-Set ABC selector switch to C, and repeat steps 7
through 9.

Step 12-Turn second TAI range selector to NULL.

Step 13.-Repeat steps 7 through 11 for second amplitude.

Step 14.-Set range selector to 10.

Step 15-Adjust zero for A with fine-zero controls.
Repeat for B and C.

Step 16-Check zero of A+B+C.

Step 17.-Repeat steps 14 through 16 with second TAL

Step 18-Set ABC selector switch to A.

Step 19.~Insert 0.01-inch (0.25-mm) shim between first
LVDT and mechanical adjuster with a sawing motion.

Step 20-Adjust sensitivity to bring needle to 100.
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Step 21.-Set range selector to CAL and bring needle
to 100 with CAL SET adjustment,

Step 22.-Bring range selector back to 10,

Step 23.-Set ABC selector switch to B. Insert shim.

Step 24.-Adjust needle to 100 with span B adjustment
screw.

Srep 25.~8et ABC selector switch to C. Insert shim.

Step 26.-Repeat step 24 with span C screw.

Step 27 ~Check zero of A+B+C.

Step 28-Repeat steps 18 through 27 with second
amplitude.

Step 29.-With range selector at 10 and ABC selector
switch at A+B+C, begin test by moving rheostat to about
35 and turning on all other switches. Turn recorder to
"select-o-print.”

Step 30.-Temperature is adjusted with knob on
temperature controller.

6.3 Temperature control shall be verified as conform-
ing with section 3 by adequate thermometers certified by
manufacturer.

7. Conditioning

7.1 Tests should be conducted in a room environment
where temperature change is held to a minimum, Other
conditioning is covered under section 5.

8. Procedure

8.1 Test specimens in a fully dry, fully saturated, or
partially saturated state are placed in their holding frames
and lowered into a water bath of constant temperature
1 day prior to testing. This allows all components to reach
a temperature equilibrium,

82 Fill in heading of Dara and Computation Sheet
(fig. 1) and begin test.

8.3 The initial time, water remperature, and amplified
meter readings are taken and temperature controller is
set to 70 or 80 °F (21.1 or 26.7 °C) depending upon initial
£00M temperature.

84 When water reaches set temperature, hold
temperature constant for 5 to 7 minutes while entries are
made on data sheet of length changes, temperatures, and
time.

85 Increase temperature to 90 °F (32.2 °C) and repeat
data entries.

86 Lower temperature to 85 °F (29.4 ?C) and read
in 10 °F (5.6 °C) increments down to 35 °F (1.7 °C).
Increase temperature to 40 °F (4.4 ?C) and read in 10 °F
increments back to the initial set temperature. In this
manner, data points are obtained for every 5 °F (2.8 °C)
interval between 35 and 90 °F as temperature is fluctuated.

8.7 Meter versus temperature readings are plotted and
a linear curve is drawn (fig. 2).

9. Calculations

9.1 Figure 1 shows a typical data and calculation form,
9.2 Figure 2 shows the curve discussed in section 8.7,
The length or projected meter readings are determined
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from the curve at the intersect point of 35 °F (1.7 °C)
and 90 °F (32.2 °C).

921 Calculate the coefficient of thermal expansion
as follows:

=
CE = §55% ®

where:

CE = coefficient of thermal expansion, in (in/in)/°F
% 107 or (em/cm)/°C % 105
» = intercept of line at 35 °F (1.7 °C);
2 = intercept of line at 90 °F (32.2 °C); and
S = summation of gauge lengths, in inches
(millimeters).

922 A more precise method of calculating the
coefficient of thermal expansion is by the least squares
method of calculation for determining the slope of a line
(fig. 3):

CE=§:‘T‘§1 (1)
y1 = —c+35b @)
y2 = —c+90b (3)

c=a=F (4)
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_E(x-X)(y-F
b Slx- (5)
a= xb (6)
where:
a = constant derived from the average temperature
multiplied by the slope of the line,
b = slope of line,

¢ = constant derived from a, minus the average
meter readings,

x = temperature in °F (°C),

X = average temperature in °F (°C),

¥ = measurement in inches per inch (centimeters
per centimeter),

7 = average measurement in inches per inch

(centimeters per centimeter), and
CE, 8, y1,and yo = as previously defined.
10. Report

10.1 A cover letter along with figures 1 and 2 or figure 3
should serve as a report for this procedure.

11. Precision and Bias

11.1 The precision and bias for this procedure have
not been established.
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Spec. or PRE Structure Tested by Date
Solic No. " ' SramsaedcTIon Sorraco Bre Dam O Aeney 9-9-25
Projecc Psmap Computed by Date
- O. Arney 9-8-85
L — Offset  —— Checked by Date

s "”'””' £ Hagsos  9.5-54

COEFFICIENT OF LINEAR THERMAL EXPANSION OF CONCRETE
HKsawed 0O Fabricated; Nominal Size@- 8y 2-8v 4 inches e

: : Aernoms Gper it Fine ¢ THOLL Cowsy. (26 %)
MSA: /7% inches o> %% e F-pucy CRéspsD
BIOO_% Vacuum Saturated 075% Vacuum Sarturared 01009 Oven Dried

Gauge Lengths: (%% 2) 4.0 () #e 9% 5) 4o (6) o inches R Summation: 24 /24 inches &

e (15 %), Yz %) 77 Gsx)

Range vo Average
C.linwen x soo Meter

Meter Reading

= 20.3 ~-(-34¢6)
©.55 (24 /25)

Figure 1. - Typical data and calculation form for measurement of expansion,
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Spec. or Structu Tested b Dat

Sgleicc. No. P’f@%ﬂﬁﬁ" s 3”;';‘41.0 Brid DAm O . Aanvsy 7-8- ;;'

Project P Item meerg: THERMAL Exa| Computed by Date

SMEp Location D, R LAg O. ArwneEy 7-5-85
Feawre BvFrato Eice Oam | Sation  — %??ser — Checked by Date
b‘.fﬁ&{ WAy Moosricarrons | Dopth —~— w© 0O £ Harsos P-5-55
COEFFICIENT OF LINEAR THERMAL EXPANSION OF CONCRETE
x y
Temperature Meter x-x (x-3? y-7 (x-%) (y-7)
°F e Reading

74 o +&.1 €5el +€.3 +£/. 03
44 9 #4.3 +//. 6 /34.5¢ +*/L5 +/33.40
S0z +/0.9 +/6.9 285/ */2.2 +290.68
F9.& +20.7 +26.3 £9/.69 +@7 o +2/0, /0
F4 & +/5 0 +e/l.5 *&2.25 #2/.3 +R57 75
92 +o.5 +5.9 34.8/ #6.7 * 40./2
650 -4.2 +1L7 2.9 +2./ T A d
9.7 -/1.9 -3¢ 12.96 -5/ +/8.34
5454 —-/4.0 -7Z9 é2.41 =27 760.83
45,/ -24.0 -/8. 2 F3l24 /2.7 +322. /4
37g -3L2 -25.5 és50,25 -24.9 +634.95
79.9 -29.6 -23.4 54756 -23.3 +IL522
$0.45 -20,0 -/e.& /63.84 =/3.7 * /75 .36
i= iI= |E==Ff2.4 LI =3445 &8 I =3443.7/

§23.5 |

T=63.3 S =29 /25 /nches
F==6.3 *

1 =-69.6+356.99942)2-346 fé 2
12 ==49.6+900.99993220% = 2314207 34). 49.¢

=63, (c-99943)= 43,3

it _ 203 -(-34¢)
{/3945.48 CE Q. 55(24, 25

055 §

=2 /38 m.lion ?"‘445
inchlinch ol

Figure 3. - Least squares method of calculation for determining slope of line.

700




