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All the computations are done using psi units. In order
to use the program code for results in SI units, the necessary
conversion have to be Incorporated in the program steps.

NECESSARY EQUATIONS

The equations used for the computation of f'.p depend oun
the records avallable from the concrete production facility. The
following 4 cases are identified by the ACI code [l].

(1) Concrete production facility has a record on test
results on the cylinders made of concrete comparable (within 1000
psi) to the concrete to be produced and made of comparable
materials and proportions. The available number of consecutive
tests equals or exceeds 30.

(i1) Records are available for 2 consecutive test sets, the
total of which is greater than or equal to 30.

(1i1) Records are avialable for consecutive tests vanging
from 15 to 30.

(iv) Records for comparable concrete are not available or
the number of consecutive tests avallable is less than 15.

For case (1), f',, 1is taken as the larger of the two
values computed by the equations:

]

£'or (f'c + 1.34s) psi (1)
flop = (£'¢ + 2.33s = 500) psi (2)

The standard deviation, s, should be computed using the equation:

- 2
(Xi . X)Z 1/
A B ®
in which,
x4 = individual strength test
x = average of n strength test results
n = number of consecutive strength tests.

For cases (i11) and (1i1), equatioms (1) and (2) are still
valid, but with a standard deviation computed using the
following procedure.

For case (i1), the standard deviation s 1s computed using
the equation:
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) = DGePE+ @y - Dt |

g =
(n1 + n, - 2 )

—

in which,

81, 82 = standard deviations calculated from two test
records, 1 and 2, respectively

and nj, ny = number of tests in each test record, respectively.

For case (111), the standard deviation has to be magnified
using the factors listed in Table 1, adopted from ACI 318-83 [l].

For case (1v), required average strength, f'.,. 1s taken as:

(f', + 1000) psi for f'c < 3000 psi,
(f'c + 1200) psi for 3000 psi < f'. < 5000 psi, and
(f'c + 1400) psi for f'. > 5000 psi.

FLOW CHART

Fig 1. presents the flow of computations used for the
program steps. The necessary equations are repeated in the flow
chart to make the chart more comprehensive. The basic set up of
the chart 1s same as the one in the ACI 318+-83 commentary [2].

Basically, the program is set up to read the specified
strength, f'c, and the available data, compute the average,
standard deviation and the required strength, f'cr° If the
average of the field data supplied 13 not with in 1000 psi of
f'., the program prints the error message "The fleld strength
test records are not with in 1000 psi of the specified class of
concrete”. If two sets of data are supplied and their sum is not
equal to or greater than 30, the program chooses the bigger of
the two sets and treats it as a single data set.

PROGRAM STEPS

The program steps are presented in Fig 2. As presented,
the program is dimensioned to read a maximum of 200 test values.
The capacity can be modified by changing the line 120 in the
program.

INPUT-OUTPUT DATA AND SAMPLE RUNS

The inputw=output data are presented using the example
problems presented subsequently. Examples are presented for the
standard four cases explained in the text, two additional cases
in which either two data sets do not add to 30 or the number of
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data points are less than 15, and finally a case in which the
average of the available data 1s not within 1000 psi of the

gpecified strength.

The input data consists of f'c, appropriate answers for
the questions, and the test data. The output data consists of-the
number of tests used, f', and f'¢y or the appropriate error
message.

CONCLUDING REMARKS

With the advent of microprocessors (personal and professional
computers), now it 1s economically feasible for even the small
offices to own stand alone computers. In the case of concrete
production facilities these personal computers can be effectively
used to analyze and store the data for the various concrete
strengths they produce. For instance the records of a concrete
supplied to a particular project can be stored in a set of floppy
discs and stored. These data can be used to design the required
average strength, f' .. when the necessity arises. The authors
believe the program steps presented here can be used to compute
the required average strength, f'cr with minimum amount of labor.
The output can also be used as a part of the design report for
submission and for future reference.
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EXAMPLE PROBLEMS

Compute the required average compressive strength, f' . for
the following cases. The specified compressive strength Is 4000
psi. Strength test vecovds available are presented in the
following table. Note that each casue represents a different
problem.

Test
Number | case (1) case ({1) cage (111) case (iv) case (v) |case (vi)! case (vil)

I 3800 3800 3800 Mone {n 3800 3800 5100
2 3820 3820 3820 3820 3820 5200
3 3830 3830 3830 the range 3830 3830 5300
4 3840 3840 3840 3840 3840 5500
5 3850 3850 3850 between 3850 3850 5700
6 3900 3900 3900 3900 3900 5900
7 3920 3920 3920 3000 pst 3920 3920 5000
8 3930 3930 3930 3930 3930 5800
9 3940 3940 3940 and 3940 3940 5660

10 3950 3950 3950 3950 3950 5120

11 4000 4000 4000 S000 pst 4000 5140

12 4020 4020 4020 4020 5160

13 4030 4030 4030 4030 5180

14 4040 4040 4040 4040 5210

15 4050 4050 4050 4050 5230

i6 4100 4100 4100 4100

17 4120 4120 4120 4120

18 4130 4130 4130 4130

19 4140 4140 4140 4140

20 4150 4150 4150 4150

21 4200 4200 4200 4200

22 4220 4220 4220 4220

23 4230 4230 4230 1 4230

Group 2 Group 2

24 4240 4240 4240

25 2450 4250 4250

26 4300 4300 4300

27 4320 4320 . 4320

28 4330 4330

29 4340 4340

30 | 4350 4350

TABLE 1--MODIFICATION FACTOR FOR STANDARD DEVIATION WHEN LESS
THAN 30 TESTS ARE AVATILABLE [1]

No. of tests™ Modification factor for
Standard Deviation.

15 1.16
20 1.08
25 1.03
30 or move 1.00

*
Interpolate for intermediate numbers of tests.
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DOES THE CONCRETE PRODUCTION FACILITY HAVE FIFLD STRENGTH TEST RECORDS FOR THE
ISPECIFIED CLASS OR WITHIN 1000 psi. OFP THE SPRCIFIED CLASS OF CONCRETE

71

NO S
| =
YES
[READ NUMBER OF TESTS, NU
U >3 NO [TS THERE ANY OTIER DATA AVAILABLE |
YES NO NU> 15 NO
l/ - £E>
[READ, Ry, =1, NU
YES
NCLY=N(U)
CALL SUBROUTINE 1 READ NUMRER OF
COMPUTR: TESTS (N GROUP 2,
N(2)
_ N
x = x; / NU 5
\
(xg=%)2
= ! R NU=LARGER
NG=1 T nery + N(2)> 30\ NO\JOF N(1),N(2)! /Nu<iS\ No
IF |x-£'|>1000ps1 YES
PRINT ERROR YES
MESSAGE_AND STOP, CALI, SUBROUTINE 2 N
BEAD Ri (=1, N(l) COMPUTE S(L); CALL SUBROUTINE L
CALL. SUBROUTINE 3 X(1), READ Ry, 1=1, N(2) COMPUTE CONMPUTE:
o=l F 134 5 | [S(2),% (2) _ N
- - X =3xg /U
o= £+ 2233 SLITF [Ix (1)~ ] or [x(2)~f' > =1
=500 1000ps1, PRINT ERROR MESSAGE AND
CHOOSE THE LARGER | |STOP. _ (xy-x)2
£ o 1/2 S = L/2
= laem-nsar + (N(2)-l)S(2iiJ T —
S = WY+ N(2Y-2) _
_ IF |X-£' |>1000psi,
\  $-§ T PRINT ERROR MESSAGE

[OUTPUT RESULTS
PRINT, NUMBER OF
TESTS USED IN
CALCULATION,

L}
and f',

£

CALI. SUBROUTIRE 4
IF ' o<3000%

or=£1 1000
3000<F ! <5000: ' ,.=F" +1200

AND STOP.

MAGNEFICATION FACTOR|
FROM TABLE 1
|S_=S*MAG. FACTOR |

£16>50001 ' =" #1400

Fig. 1--Flow chart: computation of f'ep
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REM sesasasaqunanknadnsnnhassuan
REM & PROPORTIONING OF CONCRETE »
REM 2 Ol THE BAS!S OF FIELD .
REM ¥ EXPERIENCE .
REM s AND/OR TRIAL HIXTURES #
REM SR asdannbndasnseanbagduuonns
REM

REM --PURFOSE:THIS PROGRAM READS THE HWIBER(MAX 200) ,AND VALUES OF
REM SUITABLE TESTS RECORDS,AND COHPUTES

REH STANDARD DEVIATIOHCe) ,AND THE REQUIRED AVERAGE

REM STRENGTH({’cr)BASED O THE ACI 318-83

DI TH(4,2),R(200),N¢2),5(2) ,XA(Z)

REM

REM --READ TABLE 4,3,1.2,AC] 318-83

REM  #¥ansssnusaupkasmannaasnansusts
FOR 1 = § T0 4

FOR J = | TO 2

READ T1(1,d)

NEXT J

NEXT |

REM

REH ~-READ OF CONTROLING DATA

REM RERBRADANRNAMA N AP R NAT AN

PRINT *THE SPECIF)IED COMPRESSIVE STRENGTH?*

INPUT FC: PRINT : PRINT

PRINT *DOES THE CONCRETE PRODUCTICH FACILITY WAVE FI1ELD STRENGTH TES
T RECORDS FOR THE SPECIFIED CLASS Of WITHIN 1000 psi OF THE SPECIFIE
O CLASS OF CONCRETE?(Y/H)*

THPUT A$: PRINT : PRINT

1F A¥ = "NH" THEN 370

PRINT *THE TOTAL NUMBER OF CONSECUTIVE TESTS?®

JHPUT NU: PRINT 1 FRINT

IF NU ) = 30 THEN 410

PRINT ¢ PRINT *1S THERE ANY DATA AVAILABLE FROM DIFFERENT GROUP?(Y/H
ye

JHPUT B%: PRINT : PRINT

IF B$ = "Y* THEN &30

JF NU ¢ 15 THEN 370

G070 440

1F FC € 3000 THEN FR = FC + 1000: GOTO 1100

IF FC ¢ = 5000 THEN FR = FC + 1200; GOTO 1100

IF FC > 5000 THEN FR = FC + 14001 GOTO 3100
REM

REM --CASE OF ONE GROUP OF CONSECUTIVE TESTS
REM RERS AR AR NN AN EARNRNNR SRR AR RARRRARS

PRINT *START INPUTING THE DATA ONE VALUE AT A TIME (GOVERNING GROUP
IF TUD DATA SETS ARE USED FOR COMPUTATION >*

23] O T T ——
FOR I = § 10 NU

IF 1> 1 THEN PRINT * H*31g% %1 GOTO 480

PRINT *ENTER DATA VALUEW*;1;*1*

INPUT * RCD

HEXT )

XA = 0

FOR 1 = 1 70 NU

XA = XA ¢ RCD)

NEXT 1

XAC)) = XA / NU
IF  ABS (XA(1) - FC) > = J000 THEN PRINT *THE FIELD STRENGTH TEST
RECORDS ARE NOT WITHIN 1000psi OF THE SPECIFIED CLASS OF CONCREYE®: PRINT

“AVERAGE VALUE OF GIVEH DATA=" ;XA(1): PRINT °SFECIFIED COMPRESSIVE §
TRENGTH=";FC: 60TO 9999

S =10

FOR ) = 1 TO NU

S =6 ¢ (RCI) - XAl1)) * 2

HEXT }

S = SOR (8 / (NU - 1))

GOTD 970

REH

REH --CASE OF TWO GROUPS OF CONSECUTIVE TESTS
REM AN IR AT F AN IR N RINER IO RBNNNAN
H(1) = NU

FRINT : PRINT 1 PRINT "THE NUMBER OF TESTS IN SECOND GROUP?"
INPUT N(2)

HU = NCEY 4 NG2)
IF NU ) = 30 THEN 740
IF NCEY > = N(2) THEN NU = N(1): GOTO 720

Fig. 2--Program steps
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HU = H(2)

1F NU ¢ 15 THEN 370

GOTO 410

FOR J = 1 TO 2

PRINT *STAKT INPUTING THE DATA OF GROUFH*;J;* (HE VALUE AT A TIME"
FOR I = 1 70 KD

1E ) > 1 THEN FRINT * H'1i1*t"+ GOTG 808

PRINT “ENTER DATA UALUEH®;1;°:"

1HPUT * PRCD)

NEXT ]
XA = 0

FOR 1 =1 T0 N

XA = XA+ REKD

NEXT |

XA{J) = XA / N(J)

IF  ABS (XA(J) - FC) ) = 1060 THEN PRINT *THE FIELD STRENGTH TEST
RECORDS OF GROUPH";J;* ARE NOT WITHIN 1000 psi OF THE SPECIFIED CLAS
S OF CONCRETE®: PRINT : PRINT "AVERAGE VALUE OF GIVEN DATA=®;XA(J): PRINT
*SPECIFIED COMPRESSIVE STRENGTH=*;FC: GOTO 9999

8¢(J> = 0

FOR 1 = 1 TO N(O)

S(J) = S(JY ¢+ (RC(1) - XA(D)) ° 2

NEXT |

S{J) =  SER (S¢I) / (NI =~ 1))

NEXT J

S om ((NC1) ~ 1) ® 8C1) * 2 ¢+ (N(2) = 1) % S(2) * 2) / (NC1) ¢ N(2) =~
2)
$ = SOR (S)

REM

KEM  --CALCULATION OF ST#DARD DEVIATI O
REM #azeaaahaadftadadnadiaansdpndaisrig

IF NU > = 30 THEN HF = i GOTO 1040

1000 FOR I =1704

1010 JF NU € Ti¢},1) THEN 1030

1020 NEXT !

1630 MF = (T1C1,2) - TIK(I = 1),2)) / 5 a (NU - TI<C] - 1),1)) + Tic() ~

1040 6 = S ¥ HF

1050 Ft = FC ¢+ 1,34 + §

1060 F2 = FC ¢ 2,33 » § - 500

1070 IF F{ > = F2 THEN FR = F1: GOTO 1100
1080 FR = F2

1090 REM

1100 REM --OUTPUT RESULTS
1110 REM RRssxsaxizsiasxa
1120 PRINT TAB( 5);*sxFINAL RESULTS*x*: PRINT TAB( S);*#xzrsnsusyxaaxsr

%% PRINT : PRINT

1130 IF HU > = §5 THEN {140
1140  PRINT *CONCRETE PRODUCTION FACILITY DOES NOT KAVE ENOUGH TEST RECOR

DS ((§5)°1 PRINT 1 PRINT

1150 GOTO 1180

1560
1170

IF B8 = *Y* THEN 1250
PRINT "OME GROUF OF COHSECUTIVE TESTS®: PRINT *n----msocomomoommnos
---------- *1 PRINT ; PRINT

1180 PRINT *NUMBER OF TESTS USED IN CALCULATION®

1190

1200
1210

1220
1230

PRINT TABC 10)"=anex®: PRINT TABC 102 2" ;NU;* #%: PRINT TAB( 10)
RETET T

PRINT *SPECIFIED COMPRESSIVE STRENGTH({’¢)*

PRINT TABC 10)*sxasxx™: PRINT TABC 10)*#*; INT (FC)i*s*: PRINT TAB(
10) aannAx®

PRINT °"REGUIRED AVERAGE COHPRESSIVE STRERGTH({’cr)*

PRINT TABC §0);®exsxax®: PRINT TABC 10);*#™; INT (FR);"*": PRINT
TABC 10X anunnx®

1240 GOTO 9999

1250

1240
1270

PRINT *TWO GROUPS OF CONSECUTIVE TESTS®: PRINT "--=--mmem-—memnooes
------------ *: PRINT : PRINT

PRINT °NWMBER OF TESTS IN FIRST GROUP =";N(1)

PRINT *NUMBER OF TESTS IN SECOND GROUP =*;N(2)

1280 GOTO 1180

1290

DATA  15,1.16,20,1.08,25,1.03,30,1

9999 END

Fig. 2--Program steps (continued)

This is a preview. Click here to purchase the full publication.

73


https://www.civilenghub.com/ACI/156554614/ACI-SP-101?src=spdf

74

Balaguru and Ezeldin

Case (1)

RUN
THE SFECIFIED COMFRESSIVE STRENGTH?
~4000

DCES THE CONCRETE FRODUCTION FACILITY HAVE FIELD STRENGYH TEST RECOFDS FOR THE S
PECIFIED CLASS OR WITHIN 1000 psy OF THE SPECIFLIED CLASS OF CONCRETET(Y/N)
v

THE TOTAL NUMBER OF CONSECUTIVE TESTS™

"0

START INPUTING THE DATA ONE VALUE AT A TIME (GOVERNING GROUF IF TWO DATA SETS AR
E USED FOR COMPUTATION

ENTER DATA VALUEN!:

800
"2y
3820
#3:
3830
LLE}
3840
[ 3-1}
38%0
[ Z-3]
3900
»7: OUTPUT
3920 e
L1: 5} s#F INAL RESULTSes
3930 sesvcsasssranssnny
"9
3740
#107v ONE GROUP OF CONSECUTIVE TESTS
3950 | -emmomeseeemmmoomommooeooo- —
®ils
4000
#1271 NUMBER OF TESTS USED IN CALCULATION
4020 anaae |
a3 «30 @
4030 LYY Y
#14: SPECIFIED COMPRESSIVE STRENGTH(f ‘c}
A04AC YT Y Y
L2%-1] * 40008
4030 sesnes
*16: REQUIRED AVERAGE COMPRESSIVE STRENGTH(4 ‘cr)
4100 snssny
17 *4233
4120
181
4130
[ 282}
4140
#2011
4150
21
4200
.22
4220
*«231
4230
w4
4240
925
4230
8261
4300
8274
4320
L ot =11
423
.l9;
A4
#3003
ATLC

INPUT
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Case (ii)

IRUN
THE SPECIFIED COMFRESEIVE STRENGTH™
“4000

ODES THE CONCRETE PRODUCTION FACILITY HAVE FIELD STRENGTH TEST RECORDS FOF THE 5
FECIFIED CLASS OR WITHIN 1000 ps1 OF THE SPECIFJED CLASS OF CONCRETE(Y/N}
4

THE TOTAL NUMBEK OF CONSECUTIVE TESTS?
~3

1S THERE ANY DATA AVAILABLE FROM DIFFERENT GROUF™ (Y ’N)
~y

THE NUHBER OF TESTS IN SECOND GROUP?
~7
START INPUTING THE DATA OF GROUPH1 ONE VALUE AT A TIME

ENTER DATA VALUE#1:

3800
2
3820
a3:
3830
"4 OUTPUT
3840 —————
*35:
3830 #sF INAL RESWLTSes
L -3 AEREZ RN Y &Y
3900
87
. 3920 TWO GROUPS OF CONSECUTIVE TESTS
N S
3930
9
3940 NUMBER OF TESTS IN FIRST GROUP =23
#3101 NUMBER OF TESTS IN SECOND GROUP =7
3930 NUMBER OF TESTS USED IN CALCIKATION
#it taaxs
4000 230 »
L 2 V4] essas
4020 SPECIFIED COMPRESSIVE STRENGTH(4 ¢)
132 sanans
4030 *40008
®14: LIX2T Y]
4040 REQUIRED AVERAGE COMPRESSIVE STRENGTH(f ¢r)
®13: tsnnes
4050 *4163e
®16: EX T T
At00
8171
4120
#18;
4130
| 2841
4140
420
4150
*213
4200
223
4220
233
4230

START INPUTING THE DATA OF GROUPEID ONE VALUE AT A& TIME

ENTER DATA VALUES::

4240

.2;
4250

a3
4300

84
4320

[ 2-H]
433C

LT
4340

€71
INPUT 433¢
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Case (iii)

RUN
THE SFECIFIED COMPRESSIVE BTRENGTH?
4000

DOES THE CONCREYE FRODUCTIDN FACILITY HAVE FIELD BYTRENGTH TEST RECORDS, FOR THE S
PECIFIED CLASS OR WITHIN 1000 ps1 OF THE SPECIFIED CLASS OF CONCRETEZ(Y/N)
ka4

THE TOTAL NUMBER OF CONSECUTIVE TESTS®
23

16 THERE ANY DATA AVAILABLE FROM DIFFERENT GROUPT(Y/N)
N

START INPUTING THE DATA ONE VALUE AT A TIME (GOVERNING GROUP IF TWO DATR BETS AR
£ USED FOR COMPUTATION »

ENTER DATA VALUE#®L:

3800
.2y
3820
el
3830
.4
3840
#35:
3830
L Y]
3900
7
3920
o8 OUTPUT
3930 —
LL4]
3940
#1003 eaF INAL RESIRTEes
. 3950 FRRrEBRIRSRLIRREESN
il
4000
®12 ONE GROUP OF CONSECUYIVE TESTS
4020 | mmemmem e e
13
4030
®i4: NUMBER OF TESTS USED IN CALCULATION
A040 sasne
L 2% 23 »
4050 LYY Y
LEY-H SPECIFIED COMPRESSIVE STRENGTH(4 c)
4100 wsns e
"17: +4000¢
4120 sesvese
*18: REQUIRED AVERAGE COMPRESSIVE STRENGTH({ cr)
4130 sesaee
.19 4390
4140 sraven
%201
4130
#2131
4200
INPUT 22)
4220
23y
4230
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