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Preface 

This user's guide documents the computer program TEMPER (X8305). 
The program can be used to estimate the uniform and linear temperature distri- 
butions in arch dams. The program uses the theoretical methods described in 
"Control of Cracking in Mass Concrete Structures" by the U.S. Department of 
the Interior, Bureau of Reclamation. The user's guide discusses the limitations 
of the program, provides a description of the data required to run the program, 
describes the input and output files, and provides example files. 

This user's guide was written by Mr. Terry W. West (formerly of the 
Jacksonville District) under the direction of the Computer-Aided Structural 
Engineering (CASE) Arch Dam task group. Task group members during the 
development of this user's guide were: 

Mr. Byron J. Foster CESAD-EN (Chairman) 
Mr. G. Ray Navidi CEMP-ET (formerly CEORH-ED) 
Mr. William K. Wigner CESAJ-END 
Mr. Jerry L. Foster CECW-ED 
Mr. Donald R. Dressier CECW-ED 
Mr. H. Wayne Jones CEWES-IM-DS (Task Group Coordinator) 
Mr. David A. Dollar Bureau of Reclamation 
Mr. Larry K. Nuss Bureau of Reclamation 
Mr. Terry W. West Federal Energy Regulatory Commission 

(formerly CESAJ-EN) 

The work was accomplished under the general supervision of 
Dr. N. Radhakrishnan, Director, Information Technology Laboratory (ITL), 
U.S. Army Engineer Waterways Experiment Station (WES), and under the 
direct supervision of Mr. H. Wayne Jones, Chief, Computer-Aided Engineering 
Division (CAED), ITL. The technical monitor for Headquarters, U.S. Army 
Corps of Engineers, was Mr. Jerry Foster. 

At the time of publication of this report, Director of WES was 
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN. 

The contents of this report are not to be used for advertising, publication, 
or promotional purposes. Citation of trade names does not constitute an 
official endorsement or approval of the use of such commercial products. 
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Conversion Factors, Non-SI to 
SI Units of Measurement 

Non-SI units of measurement used in this report can be converted to SI units 
as follows: 

Multiply By To Obtain 

degrees Fahrenheit 5/9 degrees Celsius of kelvins1 

feet 0.3048 meters 

square feet 0.09290304 square meters 

1  To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the following 
formula: C = (5/9)(F - 32). To obtain kelvin (K) readings, use: K = (5/9)(F - 32) + 273.15. 



1    Introduction 

Background 

Computer program TEMPER (X8305) was developed to provide a fast and 
convenient way of predicting the temperature distributions in an arch dam. 
The output from TEMPER is designed to provide the temperature loads for use 
in other programs such as the Arch Dam Stress Analysis System (ADSAS) 
Program. To estimate the mean concrete temperatures, the TEMPER program 
uses the theoretical methods described in "Control of Cracking in Mass 
Concrete Structures" by the U.S. Department of the Interior, Bureau of 
Reclamation (BOR 1981). In addition, the formats for many of the summary 
tables produced by TEMPER are fashioned after similar computer programs 
developed by the BOR. 

Limitations 

The method of temperature prediction used in TEMPER is based on clas- 
sical heat flow methods and should not be confused with more sophisticated 
methods which model transient heat flow. The method used by TEMPER 
involves determining the range of mean concrete temperatures that a slab of 
concrete will experience if it is exposed to varying temperatures on its two 
faces. 

TEMPER assumes a linear distribution of temperatures between the 
upstream and downstream faces. This assumption is generally acceptable for 
relatively thin arch dams. Concrete dams with relatively thick sections will 
experience a somewhat different temperature distribution since the interior 
mass may not respond as quickly to changes in temperature at the faces. 
Therefore, for gravity dams and thick arch dams, the linear assumptions may 
not be appropriate, especially during the later phases of the design process. 

In addition to the above method limitations, the program is limited to 
26 elevations. 
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Units 

The units used in TEMPER are feet and degrees Fahrenheit 
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2    Required Data 

TEMPER determines average temperature distributions within a dam based 
on the layout of the dam, the diffusivity of the concrete, and various site- 
specific conditions. The site conditions include air temperatures, reservoir 
water temperatures, and solar radiation 

Air Temperatures 

Air temperature data needed include the average high and low temperatures 
for each month and the extreme high and low temperatures ever recorded at 
the site. If air temperature data for the damsite are not available, then data 
from the closest National Weather Service (NWS) weather station can be used. 
The program will adjust the temperature data to account for elevation and 
latitude differences. 

Reservoir Water Temperatures 

For existing dams, the average maximum and minimum reservoir water 
temperatures should be used. For new dams, the temperature can be estimated 
by performing a detailed thermal stratification study or can be estimated based 
on measured temperatures at nearby reservoirs. EM 1110-2-2201 (Head- 
quarters, U.S. Army Corps of Engineers 1994) provides additional guidance on 
how reservoir temperatures can be estimated. 

Concrete Diffusivity 

Thermal diffusivity can be measured using CRD-C 37 (U.S. Army Engineer 
Waterways Experiment Station (1949). Since the aggregate has the greatest 
influence on thermal diffusivity, the tests should be performed using the aggre- 
gate proposed for new construction. If test results are not initially available, 
then typical values can be used. Diffusivity usually ranges between 0.20 and 
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0.60 n^/day.1 Table 1 represents typical values based on severely different 
types of aggregate. 

Table 1 
Typical Diffusivity Values for Various Aggregates 

Coarse Aggregate Diffusivity, ffthr 

Quartzite 0.058 

Limestone 0.051 

Dolomite 0.050 

Granite 0.043 

Rhyolite 0.035 

Basalt 0.032 

Adapted from American Concrete Institute (ACI) 207.1 R (ACI 1994). 

Dam Layout 

There are several variables needed for each arch elevation to be evaluated. 
These include the thickness of the dam, the slope of the surface from vertical, 
the angle between north and the normal to surface, and a terrain factor. The 
thickness of the dam is the average thickness of the dam from abutment to 
abutment. The slope and angle to north are needed for three cantilever 
sections: the crown cantilever and cantilevers near the quarter points of the 
crest. Figures 1 and 2 demonstrate how the slope and angle are determined. 
The terrain factor is usually the average value for the three cantilever sections. 
Figure 3 shows the procedure used to determine the terrain factor for each 
elevation. 

1  A table of factors for converting non-SI units of measurement to SI is presented on page v. 
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Figure 1.     Measuring the angle between north and the normal to the surface 
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Negative slope indicates either 
undercutting or an  overhang. 

Figure 2.     Determining slope of surface 
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Figure 3.     Procedure for determining terrain factors section taken east-west (looking north) 

Chapter 2   Required Data 



3    Input 

TEMPER prompts the user for the names of the input and output files. 
Data in the input file should be input according to the following guide. All 
input is in free field (a comma or at least one blank should separate data 
items). An example input file is shown in Appendix A. 

TITLE 

TITLE - any alphanumeric information to identify the problem. (80 characters 
maximum) 

DELEV, DLAT, TELEV, TLAT 

DELEV - elevation of the damsite 
DLAT - latitude of the damsite 

TELEV - elevation of the town or weather station (source) for the air 
temperatures 

TLAT - latitude of the town or weather station (source) for the air 
temperatures 

TOWN 

TOWN - name of the town or weather station where the air temperature was 
measured 

STATE 

STATE - name of the state where the town or weather station is located 

TEMP(I,D, TEMP(L2) 

TEMP(I.l) - average low air temperature for the month (deg-F) 
TEMP(I,2) - average high air temperature for the month (deg-F) 

Note:  Repeat this line of data 12 times, one line of data for each month, 
beginning with January. 
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TLOWBC, TfflGHBC 

TLOWBC - lowest recorded air temperature at the source 
THIGHBC - highest recorded air temperature at the source 

DIFF, NOELE 

DHT - concrete diffusivity (square feet per hour) 
NOELE - number of elevations 

ELE(I), THICK(I), WATER(I,1), WATER(I,2) 

ELE(I) - elevation 
THICK(I) - average concrete thickness for the elevation 

WATER(I.l) - maximum water temperature at that elevation 
WATER(I,2) - minimum water temperature at that elevation 

Note:  Repeat this line of data NOELE (number of elevations) times. If the 
normal water surface is below ELE(I), then enter zero for WATER(U). 
If WATER(I,1) is input as zero, then the effects of water are not 
included in the calculations at ELE(I). 

C(D, AN(I,1), AN(I,2) 

C(I) - cantilever number 
AN(I,1) - upstream angle to north corresponding to the cantilever (see 

Figure 1) 
AN(I,2) - downstream angle to north corresponding to the cantilever (see 

Figure 1) 

Note:  Repeat this line of data for each of the three cantilevers. Angles to 
north must be between 0 and 180 deg. 

TFACT(I), (SLOPE(I,K),K=l,6) 

TFACT(I) - terrain factor (see Figure 3) 
SLOPE(I,K) - concrete slope from vertical (see Figure 2) 

Note: Repeat this line of data NOELE (number of elevations) times. Slopes 
must be either -1.0 or be between -0.4 and 1.0. Negative slopes indi- 
cate either undercutting or overhanging (see Figure 2). If the base of 
the cantilever is below ELE(I), then enter -1.0 for SLOPE(I,K). If 
SLOPE(I,K) is input as -1.0, then the effects of solar radiation are not 
included in the calculations. 
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GROUT 

GROUT - closure temperature (deg-F). 

Note:  Repeat this line for each grout temperature under consideration. 
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4    Output 

Output is written to a file which can be viewed at the terminal or sent to a 
printer. The output includes a listing of the input data file; the ambient air 
temperatures for each month; the base ambient air temperatures; elevation and 
latitude corrections; amplitudes of air temperatures; concrete temperatures with 
air effects only, with air and reservoir effects, and with the effects of solar 
radiation; and the ADSAS temperatures for each month for usual conditions 
and mean conditions with air on both faces and with air on downstream face 
and water on upstream face. 

The following calculations are used to produce the output file and are based 
primarily on the theoretical methods used in BOR (1981). Table numbers cor- 
respond to those in the example output file (Appendix A). 

Mean Monthly Air Temperatures (Table 1 in 
Appendix A) 

The mean monthly air temperature T is assumed to be the average of the 
minimum and maximum values from the input file, calculated for each month 
in degrees Fahrenheit as: 

T = TempiX) * Temp(2) ,^ 

where 

Temp(l) = minimum ambient air temperature for the month 

Temp(2) = maximum ambient air temperature for the month 

The mean annual base ambient air temperature is calculated by adding the 
T values for each month together and dividing by 12 (the number of months in 
a year). 
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Celev _ Tel ev - Delev 
250.0 

Clat = Tlat -Dlat 
1.4 

Ctot = Celev + Clat 

Elevation and Latitude Corrections (Table 2 in 
Appendix A) 

When air temperature data from a source away from the damsite is used, 
then a correction must be made to the data. The correction value is based on 
the difference between the elevation and latitude of the weather station and the 
damsite. The air temperatures are adjusted by 1 °F for each 250-ft change in 
elevation and for each 1.4-deg change in latitude. 

(2) 

(3) 

(4) 

where 

Celev = correction factor for elevation 

Clat = correction factor for latitude 

Telev = elevation of the town (source) for air temperatures 

Delev = elevation of the damsite 

Tlat = latitude of the town (source) for air temperatures 

Dlat = latitude of the damsite 

Ctot = total correction 

Ctot from Equation 4 is added to the mean base ambient air temperatures at 
the source to obtain the corrected values for the damsite. 

Amplitudes of Air Temperatures (Table 3 in 
Appendix A) 

The amplitudes of air temperatures are calculated as shown below. The 
annual and daily amplitudes are assumed to be the same for mean and usual 
weather conditions. 

12 
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Period 

Mean Conditions Usual Conditions 

Above Mean Below Mean Above Mean Below Mean 

Yearly 4/np (1,1) -Amp (1,2) /Imp (1,3) Amp (1,4) 

7-Day Amp(ZA) Amp (2,2) Amp (2,3) Amp (2,4) 

Daily Amp (3,1) Amp (3,2) Amp (3,3) Xmp (3,4) 

where 

Amp(l,l) = r/iwm - Tmean 

Amp (1,2) = Tmean - Timm 

Amp(2,l) = 0.0 

,4m/>(2,2) = 0.0 

^mp(3,l) = Tmindif 

2.0 

/imp (3,2) = Amp (3,1) 

j4/n/>(l,3) = i4»j/>(l,l) 

Amp (1,4) = Amp (1,2) 

4m/>(2,3) = Abs[(Amp(l,l) + A/np(3,l)] - r*^ + Thmmm 

2.0 - Tmean 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(ID 

(12) 

(13) 

Amp(2,4) = Abs[(Amp(\,2) + AmpQ,l)] 

Tmean - (Tlow + Tlmmm) 
2.0 

Amp (3,3) = Amp (3,1) 

(14) 

(15) 
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Amp (3,4) = Amp(3,l) (16) 

where 

Thmm = Highest mean monthly air temperature recorded at the dam 

Tmean - Mean annual base ambient air temperature recorded at the dam 

Timm = Lowest mean monthly air temperature recorded at the dam 

Tmindif- Minimum difference between the mean monthly maximum and the 
corresponding mean monthly minimum 

Thigh = Highest maximum recorded air temperature at the dam 

Thmmm = Highest mean monthly maximum recorded at the dam 

Tlow = Lowest minimum recorded air temperature at the dam 

Tlmmm = Lowest mean monthly minimum recorded at the dam 

L1 Values (Table 4 in Appendix A) 

As described in EM 1110-2-2201, a correction factor is needed to compute 
an "effective" slab thickness. This effective thickness is related to the actual 
thickness of the dam, the diffusivity of the concrete, and the air cycle being 
utilized-yearly, 7-day, or daily. Once the effective thickness is known, the 
ratios for each cycle can be obtained based on Figure 11 of BOR (1981). The 
effective slab thickness LI for each air temperature cycle is obtained at each 
elevation as follows: 

Annual:   LI = Thick     - (17) 
y/Diff * 8760.0 

Thick 

jDiff * 168.0 

Thick 

y/Diff * 24.0 

1-Day:   LI = Thick (18) 

Daily:   LI =        Thick (19) 

14 

where 

Thick = thickness of the dam at that elevation 

Diff= concrete diffusivity 
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Mean Concrete Temperatures with Air Effects 
Only (Table 5 of Appendix A) 

For each value of LI shown in Table 4 (in Appendix A), a ratio of the 
variation of mean concrete temperature to the variation of external temperature 
is obtained. The ratios R are based on Figure 11 of BOR (1981). The prod- 
ucts of these ratios and their respective amplitudes from Equations 5-16 are 
algebraically added to and subtracted from the mean annual air temperature to 
obtain mean concrete temperatures for the condition of air on both faces. 

For / = 1 to the number of elevations 

Concrete temperatures, mean conditions: 

Above mean:   Air(1,1) = Amp(l,l) * R(I,1) + Amp(2,l) * R(I,2) 

+ Amp(3,l) * /?(/,3) 

Above mean:   Air(I,5) = Amp{\,3) * R(I,1) + Amp(2,3) * R(I,2) 

+ Amp (3,3) * /?(/,3) 

(20) 

Below mean:   Air(I,2) = Amp(l,2) * /?(/,l) + Amp(2,\) * R(I,2)      (2\\ 

+ Amp (3,2) * K(/,3) 

Maximum:   Air(I,3) = Tmean + Air(I,l) (22) 

Minimum:   Air(l,4) = Tmean - Air(J,2) (^3) 

Concrete temperatures, usual conditions: 

(24) 

Below mean:   Air(I,6) = Amp(l,4) * R(IA) + Amp(2,4) * /?(/,2)      (25) 

+ Amp (3 A) * R(I,3) 

Maximum:   Air(IJ) = Tmean + Air(I,5) <26) 

Minimum:   Air(I,$) = Tmean - Air (1,6) (27) 

Chapter 4   Output 
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Mean Concrete Temperatures with Air and Reser- 
voir Effects Only (Table 6 in Appendix A) 

Mean concrete temperatures which would result from a fictitious condition 
of water on both faces are then obtained, and the two conditions (air only and 
water only) are simply averaged together to obtain the condition of air on the 
downstream face and water on the upstream face. 

For /= 1 to the number of elevations 

Water temperatures: 

Maximum : Water (1,1) 

Minimum : Water (1,2) (28) 

Water(I,\) + Water(I,2) Average : Water (1,3) = 

Amplitude : WaterQA) = Water(I,\) - Water(I,3) 

Concrete temperatures with water on both sides: 

Amplitude : Water(I,5) = Water(I,4) * Yratio 

(29) 

(30) 

Maximum : Water (1,6) = Water (1,3) + Water (1,5) <31) 

Minimum : Water(I,l) = Water(I,3) - Water(I,5) <32) 

where 

Water (1,1) = maximum water temperature input to the data file 

Water (1,2) = minimum water temperature input to the data file 

Yratio = yearly ratio for a flat slab for each elevation 

Concrete temperatures with air on downstream face and water on upstream 
face: 

,.                         n    ,   ,,n      Air(l,3) + Water(1,6) nr> Mean maximum : Combo (1,1) =   1—- (.•"<> 
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Mean minimum : Combo(I,2) = Air(IA) + Water«V (34) 
2.0 

Usual maximum : Combo(I,3) = Air(IJ) + Water«& (35) 
2.0 

Usual minimum : ComboQA) = AW) + Water^ (36) 
2.0 

Effects from Solar Radiation (Table 7 in 
Appendix A) 

The mean concrete temperatures obtained from air and water temperatures 
require adjustments due to the effect of solar radiation on the surface of the 
dam. Theoretical studies have been made which take into consideration vary- 
ing slopes, orientation of the exposed faces, and latitudes. The results of these 
studies are presented in an unpublished BOR memorandum.1 Figures 25-29 
in BOR (1981) summarize the results and give values of the temperature 
increase. These curves are included in the program and used to determine the 
increase in temperature due to solar radiation Tsolar. These temperature rises 
are then corrected by the terrain factor Tfact which is input and is expressed as 
the ratio of actual exposure to the sun's rays to the theoretical exposure. 

For each elevation / and K = 1 to 6 

Asolar(I,K) = ^(0 * Tsolar(I,K) 
100.0 

where 

Tfact (/) = terrain factor input in the data file 

Tsolar (IJQ = temperature increase due to sun 

The calculation in Equation 37 is made for the right side, the crown, and 
the left side cantilevers. Then the average temperature increases due to solar 
radiation are calculated for each elevation for the upstream (U.S.) face, the 
downstream (D.S.) face, the average of the upstream and downstream, and half 
of the downstream as: 

W. A. Trimble.  (1954). "The average temperature rise of the surface of a concrete dam due 
to solar radiation," Bureau of Reclamation, unpublished, Denver, CO. 
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US-   Sola-V *) - AsolarV'V) + Asolar(Jy> * Asolar(I,5) (38) 
N 

D S •   Solard 2) = Asolar^^ + AsolarjIA) + Asolar(I,6) ^ 
N 

Avg.:   *■'-(',») - Solar{ll) + Solar(I>2) (40) 

D.S./2:   SolarQA) = Solar^I> (41) 
2.0 

where N = number of Asolar (/)'s not equal to zero in the equation. 

Mean Concrete Temperatures with Air, Reservoir, 
and Solar Radiation Effects Included (Table 8 in 
Appendix A) 

The mean concrete temperatures that were calculated from Equations 22, 
23, 26, and 27 for the conditions of air on both sides and air on the 
downstream face and water on the upstream face are increased by the 
Solar (I,K)'s from Equations 40 and 41 to produce the mean concrete tempera- 
tures with air, reservoir, and solar radiation effects included. 

For /= 1 to the number of elevations 

Mean concrete temperatures with air on both faces: 

Mean conditions: 

Maximum: Conc(I,l) = Air(I,3) + Solar(I,3) (42> 

Minimum: Co/ic(/,2) = i4j>(/,4) + Solar(I,3) (43> 

Usual conditions: 

Maximum: Conc(I,3) = Air(IJ) + Solar(I,3) f44) 

Minimum: ConcQA) = Air(I$) + Solar(I,3) (45) 

Mean concrete temperatures with air on downstream face and water on 
upstream face: 
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Mean conditions: 

Maximum: Conc(I,5) = ComboQ,\) + SolarQ,N) (46) 

Minimum: Conc(I,6) = Combo(I,2) + Solar(I,N) (47) 

Usual conditions: 

Maximum: Cone (1,1) - Combo (1,3) + Solar (I, N) (48> 

Minimum: ConcQS) = ComboQA) + Solar(I,N) (49) 

where N = 4 
or    = 3 if Warer (/,1) = 0.0 in the data input. 

Summary Tables for Temperature Loadings 

The remaining tables in the TEMPER output file consist of a series of 
tables which convert the mean concrete temperatures into a format which can 
be used directly as temperature loads for the ADSAS computer program. A 
separate set of five tables is produced for each closure temperature specified 
by the user in the input file. The first set of tables (Tables 9-1 through 9-5) 
provides the ADSAS temperature loads for the first closure temperature in the 
data file. If there is a second closure temperature specified, then Tables 10-1 
through 10-5 are printed. This procedure is continued for each closure temper- 
ature. The discussions below for Tables 9-1 through 9-5 are applicable to all 
the remaining tables. 

ADSAS temperature for loadings (02) and (03) (Table 9-1 In 
Appendix A) 

ADSAS uses uniform and linear temperature loads in the determination of 
stresses in an arch dam. Uniform temperature loads are called "02" in ADSAS 
terminology. The uniform temperature load is the difference between the 
computed mean concrete temperature and the assumed closure (grout) 
temperature. 

The uniform ADSAS temperature for loading (02) with air on the down- 
stream face and water on the upstream face is calculated for each elevation as: 

For /= 1 to the number of elevations 

Mean conditions: 
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Maximum: Adsas(I,2) = Conc(I,5) - Grout <   ) 

Minimum: Adsas(I,3) = Conc(!,6) - Grout (51' 

Usual conditions: 

Maximum: Adsas(I,4) = ConcQJ) - Grout (52) 

Minimum: Adsas(l&) = Conc(I,%) - Grout (53> 

where Grout = closure temperature. 

The linear temperature loads are called "03" loads in ADSAS terminology. 
The linear temperature is the difference between the face temperatures in 
degrees Fahrenheit from the straight line approximation used to determine the 
uniform temperature loads (02). 

The linear ADSAS temperature for loading (03) with air on the downstream 
face and water on the upstream face is calculated as: 

For /= 1 to the number of elevations 

If Water (1,6) is greater than zero: 

Mean conditions: 

Maximum: Adsas(l,6) = Conc(I,\) - Water(I,6) (54) 

Minimum: Adsas(I,l) = Cone (1,2) - Water Q,7) <55> 

Usual conditions: 

Maximum: Adsas(I,S) = Conc(I,3) - Water(l,6) <56> 

Minimum: Adsas(I,9) = ConcQA) - Water(IJ) (57> 

If Water (1,6) is zero: 

Mean conditions: 

Maximum: Adsas(I,6) = Solar(I,2) - Solar(I,\) <58> 

Minimum: Adsas(I,l) = Solar(I,2) - Solar(l,\) <59> 
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Usual conditions: 

Maximum: Adsas(I$) = Solar(I,2) - Solar(I,l) (60) 

Minimum: Adsas(I$) = Solar(I,2) - Solar(I,l) (61) 

The uniform ADSAS temperature for loading (02) with air on both faces is 
calculated for each elevation as: 

For /= 1 to the number of elevations 

Mean conditions: 

Maximum: Adsas(l,l0) = Conc(J,\) - Grout (62) 

Minimum: Adsas(J,\\) = Conc(I,2) - Grout (63) 

Usual conditions: 

Maximum: Adsas(I,12) = Conc(I,3) - Grout (64) 

Minimum: Adsas (/, 13) = Cone (I A) - Grout (65) 

where Grout = closure temperature. 

The linear ADSAS temperature for loading (03) with air on both faces is 
calculated as: 

Adsas(I,l4) = Solar(I,2) - Solar(I,l) (66) 

ADSAS temperature input by month (Tables 9-2 through 9-5 in 
Appendix A) 

Tables 9-2 through 9-5 are included since loading combinations for arch 
dams are usually based on specified reservoir elevations and concurrent con- 
crete temperatures (reference 4-1 in EM 1110-2-2201). 

The ADSAS temperatures calculated by Equations 50-66 are used to calcu- 
late the temperatures for each month of the year. The program assumes the 
lowest concrete temperatures occur in February and the highest concrete tem- 
peratures occur in August. 
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Table 9-2. Usual conditions with air downstream face/water upstream 
face. This table is normally used in conjunction with the static usual (SU) 
loading conditions described in Chapter 4 of EM 1110-2-2201. The tempera- 
tures are calculated as: 

For / = 1 to Noele (number of elevations) and J = 1 to 12 (number of 
months in a year) 

Uniform: Tmontu(I,J) = Adsas(I,5) + [Adsas(I,4) - Adsas(I,5)] 

m 6.0 - Rf(J) (68) 

* 6l) 

Linear. Tmontl(I,J) = Adsas(I,9) + [Adsas(I$) - Adsas(I,9)] 

^ 6.0 - Rf(J) (69) 

where Rf(J) = factor for adjusting the temperature from high and low to 
monthly assuming August is the hottest month and February is the coldest 
month. 

Table 9-3. Usual conditions with air on both faces. This table is not 
normally used, but can be used in the end of construction condition (SUN3) if 
a more severe temperature load than that shown in Table 9-5 is desired. The 
temperatures are calculated as: 

For / = 1 to Noele (number of elevations) and J = 1 to 12 (number of 
months in a year) 

Uniform: Tmontu(I,J) = Adsas(I,\3) + [Adsas(I,\2) - Adsas(I,13)] 

+ 6.0 - Rf(J) (70) 

6.0 

Linear: Tmontl(l,J) = AdsasQ,\A) <71) 

Table 9-4. Mean conditions with air downstream face/water upstream 
face. This table is normally used in conjunction with the static unusual 
(SUN), static extreme (SE), and each of the dynamic loading conditions, with 
the exception of the end of construction condition (SUN3). The temperatures 
are calculated as: 

For / = 1 to Noele (number of elevations) and J = 1 to 12 (number of 
months in a year) 
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Uniform: Tmontu(I,J) = Adsas(I,3) + [Adsas(I,2) - Adsas(I,3)] 

„ 6.0 - Rf(J) 
6.0 

Linear. TmontlQ,J) = Adsas{I,l) + [Adsas(I,6) - Adsas(I,7)] 

± 6.0 - Rf(J) 
6.0 

(72) 

(73) 

Table 9-5. Mean conditions with air on both faces. This table is nor- 
mally used in conjunction with the end of construction condition (SUN3). The 
temperatures are calculated as: 

For / = 1 to Noele (number of elevations) and /= 1 to 12 (number of 
months in a year) 

Uniform: Tmontu(I,J) = AdsasQM) + [Adsas(/, 10) - Adsas(I,U)] 

^ 6.0 - Rf(J) (?4> 
6.0 

Linear: Tmontl(I,J) = Adsas(I,\4) (75) 

Conclusions 

Computer program TEMPER (X8305) provides a quick way of predicting the 
uniform and linear temperature distributions in an arch dam. These tempera- 
ture distributions are for use in other programs such as the Arch Dam Stress 
Analysis System Program which is used to predict the behavior of arch dams. 
To estimate these concrete temperatures, the TEMPER program uses the theo- 
retical methods described in "Control of Cracking in Mass Concrete Struc- 
tures" by the U. S. Department of the Interior, Bureau of Reclamation (BOR 
1981). 
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