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All the computationll are done using pili unitll. In order 

to ulle the program code for t•ellul ts in SI units, the necesllary 

conversion have to be incorporated in the program llteps. 

NECESSARY EQUATIONS 

The equations Ulled for the computation of f'cr depend on 
the recordll available from the concrete product ion facility. The 

following 4 casell are identified by the ACI code [1]. 

(i) C.oncrete production facility hall a record on test 

rellults 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 

tellts equals or exceeds 30. 

(ii) Recordll are available for 2 conllecutive test sets, the 

total of which is greater than or equal to 30. 

(iii) Recordll are avialable for consecutive telltll ranging 

from 15 to 30. 

(iv) Recordll for comparable concrete are not available or 

the number of conllecutive tests available is lesll than 15. 

For case (1), f' cr is taken as the larger of the two 

values computed by the equations: 

f'cr (f'c + 1.34s) psi (1) 

f' cr (f'c + 2.331l • 500) pili (2) 

The lltandard deviation, s, should be computed tilling the equation: 

s = [ 

-
-2J (xi • x) 

n • 1 

1/2 

(3) 

in which, 

xi individual strength test 

x average of n strength test results 

n number of consecutive strength tellts. 

For cases (11) and (iii), equations (1) and (2) are still 

valid, but with a standard deviation computed tilling the 

following procedure. 

For case (ii), the standard deviations is computed using 

the equation: 

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


68 Balaguru and Ezeldin 

B 

in which, 

2 
1)(s 1 ) + (n 2 

(n 1 + n2 • 2 

1/2 

s1, s2 = standard deviations calculated from two test 
records, 1 and 2, respectively 

and n1, n2 = number of tests in each test record, respectively. 

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

For case (iv), required average strength, f'cr is taken as: 

(f'c + 1000) psi for f I C :':_ 3QQ0 psi, 
(f' + 1200) psi for 3000 psi < f' < 5000 psi, and ,c c-
(f c + 1400) psi for f'c > 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 is 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 is not with in 1000 psi of 

f' c• the program prints the error message "The field 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 input•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 is not within 1000 psi of the 
specified 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'c and f'cr or the appropriate error 
message. 

CONCLUDING REMARKS 

With the advent of microprocessors (personal and professional 
computers), now it is 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'cr 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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EXANPLP. PROBLEHS 

Compute the required average compressive stt·ength, f' <;t' for 

the following eases. The npecified compt·essive Htrength is 4000 

psi. Strength test recordH available are presented in the 

following table. Note that each case represents a different 

problem. 

Test 
r------

Number CAS":_J.!_) __ _ cnne (1 1) caae (111) cose 

I 3800 3800 3800 None 

2 3820 3820 3820 

(lv) 

3800 
3820 3820 5200 

!rt 

3 3830 3830 3830 tlw t 3830 3830 5300 

4 38/oO 38/oO 38/oO 381oO 38/oO 5500 

5 3850 3850 3850 bt!tWt 3850 3850 5700 

6 3900 3900 3900 3900 3900 5900 

7 3920 3920 3920 3000 3920 3920 5000 
8 3930 3930 3930 3930 3930 5800 

9 39/oO 39/oO 391o0 <llld 391,0 39/,Q 5660 
10 3950 3950 3950 3950 3950 5120 
11 loOOO loOOO t,ooo 5000 loOOO 5[1.0 

12 lo020 '•020 lo020 '•O:W 5160 
13 4030 lo030 lo030 lo030 5180 

14 /o040 ltOitO 40/oO loOloO 5210 

15 lo050 lo050 lo050 lo050 5230 

16 4100 11100 11100 loLOO 
17 4120 11120 4120 11120 

18 4130 lol30 11130 lol30 

19 t,u,o lo140 ldltO 

20 4150 11150 4150 lot 50 

21 4200 lo200 lo200 4200 

22 4220 lo220 lo220 '•220 
23 lo230 4230 lo230 4230 

Group 2 Group 2 
24 4240 '•2/,Q 4240 
25 2450 lo250 lo7.50 

26 4300 lo300 

27 4320 lo320 
28 lo330 lo330 

29 43/oO lo31oO 

30 4350 1,350 ---
j 

lo300 

L_ lo320 

TABLE 1--MODIFICATION FACTOR FOR STANDAHD DEVIATION WHEN LESS 
THAN 30 TESTS 1\HE 1\VI\ILABLE [1] 

No. of tes tB* M:>dification factor for 
Stan<lat·d Deviation. 

15 l. 16 
20 L.08 

25 l.03 
30 Ol' mot·e l.OO 

-------
*Interpolate for intermediate numhers of tents. 
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GIDV 
ru;;--'-

fDiiES Tim CONCtmn: PRODUCT[ON )'ACII.ITY HAVE Fi"ft:D STRENGTH TEST RtH:ORDS 

!sPECIFIED CLASS OR IIITIIIN 1000 psi. OF TilE SPEC!YIW CLASS 01' CONCRETE 
I'OR Tl-:1 

NO 

01' n:STS NU 

NU 

X • X! I NU 

i=l 

s = 

IF J;·f' e J>lOOOpsl 

PRINT ERROR 

MESSAGE AND STOP, 

RF.AO NUMH):R OF 

TESTS IN GROll!' 

/J-__ 

DATA AVA!I,Ailt.F.[ 

n:s 
CALl, Still OIITINF. 

CALL SUB OUTINI·: 3 X(l),_RF.AD R1 ,t=l, N(2) COMI'Um 
!!_!lAD R1 1=1, N(l) COHI'tm: S(l); l 

f'cr=f'c + l.3lo S S(2).Lx (2) 

f'cr= f'c + 2.33 S _IF J'x (l)·f'cl or J;z(2)·f'cl> j 
•500 lOOOp" 1, I'R !NT ERROR MESSAGE AND 

CHOOSE Til): I,ARGF.R STOP, 

f' - l/2 
_ i(N(l)·l)S(l)2 + (N(2)•l)S(2)2l 

S (N(l) + N(Z)-2) :J 

--------1?-------\ 

.. II 
if=[x 1 /NU I 

i=l 

[ --}/211 
IF IX-f' c I>LOOOp>Jl' I 
I'R I N'f ERROR MES-SAGI'-----
AN!l STOP. __ 

HAGNE)'!CATION FACTOR r 
JCAU. SUBROUTINE lo ---l FRON TABLE l J 

'

IF f'c<3000:f'c•··f'c+LOOO / Js =S*HAG. FACTO!\ I_ 
Jooog• c.S_SOOO: f' Cl'=f' 
l f'c>SOOO: f' cr::.f' "+t/,00 __ _[" 

Fig. 1--Flow chart: computation of f'cr 
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10 REN tttlttttllttttttttttlltttttttt 

20 RE/1 • PROPOilT I OiliNG OF COIICRETE • 

011 TilE BASIS OF FIELD 

EXPERI EtiCE 

30 REM 

40 RE/1 

SO REH I l't'lD/OR TRIAl 11JXTURES 
60 REI1 I •••••••••••••••••••••••••• II 

70 REI1 

80 

90 

100 
110 

I 20 

I 30 
I 40 

I 50 

I 60 

I 70 

lBO 
I 90 

200 

210 
220 
230 
240 

250 
260 

270 

280 

290 

300 

310 
320 

330 

340 
350 

360 
370 
380 
390 

400 

4 I 0 
420 

430 

440 

REI1 --PUr<POSE :TillS Pr<OGRN1 READS THE 200> ,l't'lD VAlUES OF 

RE/1 SUJlf\BLE TESTS RECORDS,I't'lD COMPUTES 

REf1 STANDARD DEVIATHtH•> ,ANO TilE REQUIRED 1\VERJ\GE 
REM STRENGTH<i'crl!li\SED CU TilE ACI 310-83 

Dll1 TJ<4,2>,R<200l,N<2>,S<2l,XA<2> 

REM 
REM --READ TABLE 4,3,1.2,ACJ 318-83 
REM tttttttttttttttttltttttttttttt 

FOR I • I TO 4 

FOR J • I TO 2 

READ Tl <I ,Jl 

NEXT J 
NEXT I 
REM 
REI1 --REI\D OF COIHROLJNG DATI\ 
REH lttttllttttttltttiltttattt 

PRINT 'TilE SPECIFIED COI1PRESSJVE STRENGTH?' 

INPUT FC: PRINT : PR JNT 
PRINT 'DOES THE CCUCRETf f'ROOUCTJW HAVE FJElD STRENGTH HS 

T RECOIWS FOR TilE SPECIFIED CL/\55 Or< WJTHIII 1000 psi OF THE SPECIFIE 

0 ClASS OF CCUCRETE?<Y/tU' 

INPUT M 1 PRINT : PRINT 

IF A1 = 'tl' THEN 370 

PRINT 'TilE TOTAL Nli1BER OF COIISECUT IVE TESTS?' 

IJIPUT NU 1 PRINT 1 PRINT 

IF NU l • 30 THEN 410 

PRINT : PRIIIT 'IS THERE AI('( 01\TI\ FROI1 DIFFERENT GROUP?IY/11 
)' 

JtlPUT Bf: PRINT : PRINT 

If BS = 'Y' THEN 630 
IF NU < IS TIIEN 370 

OOTO 410 
IF FC ( 3000 TIIEN FR 

IF FC < • 5000 TIIEN 
IF FC l SOOO THEN FR 

REM 

= FC • 1000: GOTO 1100 
Fll • FC t 1200: GOTO I 100 
• FC t 1400: GOTO 1100 

RE11 --CASE OF OIIE GROUP OF COIISECUTIVE TESTS 
REH I I •• I. If II' I I I •• I I I I I. I. I I I. J •• J I ••• I'. 

PRINT 'START INPUTING THE ONE AT A Tll1E <GOVERtiJNG GHOUP 

IF TWO DATA SETS ARE USED FOR CONPUTAT I CU l' 

PRINT '--------- ------ ----------------------------------------------

450 FOR I = I TO NU 

460 IF I >I THEN PRINT' N';l 1':': GOTO 480 

470 PRINT 'ENTER 01\TA VALUE"' ;I 1':' 

480 INPUT' ';R<J> 

490 IIEXT I 
500 XA = 0 
510 FOR I = I TO NU 
520 XA • XA t R<ll 
530 NEXT I 

540 XA< I l = XA / NU 

550 IF ABS <XA<Jl - FC> l • 1000 TIIEtl PRINT 'TilE FIELD STRENGTH TEST 

RECORDS 1\RE NOT WITIIIN JOOOu•i OF TilE SPECIFIED ClASS OF C(l'JCRFTF'I PRINT 

"A'JEP.AGE VALUE OF GJV[tl Mlfl:::" ;XA< I l: PRJHl "H·ECJF lED CCfWRESSIVE S 

TREI<GTII=-;FCI GOTO 09?9 

5t0 s = 0 

570 FOP. I = I TO NU 

530 S = S t ( R<l) - XA<I )) 

590 IIEXT I 
tOO S = SOR < S I <1111 - I)) 

610 GOTO 970 
610 REI1 
630 REt1 --CJ\SE OF TWO GROUPS OF Cll<SECUTJVE TESTS 

640 REH '''''''''''''''''''''''''''''''''*'''''' 
650 IH I> = t<ll 
660 PRit<l : PRJ Ill o PR HIT 'THE Nl.10ER OF TESTS Ill SECOI<D GROUP?' 
670 INPUT N< 2) 
6BO Jill= IH I) t 11(1) 

690 IF NU l = 30 HIEN 
700 IF N<Jl > • N(2l TIIEN NU = ti(J): GOTO 720 

Fig. 2--Program steps 
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710 IIU = 11<21 
720 IF IW < I 5 TtiEIJ 370 

730 uOTO 
740 FOR J = I TO 2 

PRitH 'STAf<T INPUTIIW THE DATA OF Gf<OUPM';J;' [tJE VAlliE AT A TIME' 

7 60 PR IIH '------ ----------------------------------------- ----------- • 

770 FOR I = I TO IJ<J> 

780 If l > I THEN f'RltH " "" tll"l"t 6010 800 
790 PRINl DATA VflLUEtl';l;':" 

f:HJ(I IHPUT " ";R< I) 

0 I 0 IJEXT I 
820 XII = 0 

830 FOR I = I TO N(J) 

040 XA = XA • R<l I 

050 NEXT I 
860 XA(J) = XA I N<J) 

070 IF ABS (XA(J) - FC) I = 1000 THEIJ PRINT 'TilE FIELD STRENGTII TEST 

RECORDS OF GROUPM' ;J;' ARE NOT WJTIIIN 1000 psi OF TilE SPECIFIED CLAS 

S OF CONCRETE': PRINT : PRINT 'AVERAGE VALUE OF GIVEN DATA=' ;XA<Ji: PRIIH 

'SPECIFIED COMPRESSIVE STRENGTH=' ;FC: GOTO 9999 
OBO S(J) = 0 

090 FOR I = I TO N<J> 

900 S<J> = S<J> • <R<I> - XA<J>> • 2 
910 NEXT I 
920 S(J) = SOR <S<J> / <N<J> - I I) 
930 NEXT J 
940 S • ((N<JI- II • S<ll • 2 • (N(21 - II • S<2> • 21 I (N(II • N(21 -

21 

950 S • SOR < S > 

960 REM 
970 REII --CALCULAT I CU OF DEVIAT I C<l 

900 REM t•••• ••• *•*• •••••••• • •• t llttat tilt tt • 

990 IF NU I • 30 THEN HF = I: GOTO 1040 

I 000 FOR I = I TO 

I 0 I 0 If NU < T I ( I , II THEN I 0 30 

I 020 NEXT I 

1030 HF = <TI<I ,2> - Tl((l - 11,211 I 5 • <NU- Tl«l - 11,111 • Tl<<l -

II ,21 

I 040 S • S • HF 

I 050 Fl = FC • I. 34 • S 

I 060 F2 = FC • 2, 33 • S - 500 

1070 IF Fl ) = F2 THEN FR = Fl: GOTO 1100 

1080 FR = F2 

I 090 REH 
II 00 RE11 --OUTPUT RESULTS 
1110 REH .............. IHI 

1120 PRINT TAB< RESULTSH'I PRINT TAB< 5)j"IUIUHUHH• 

u•: PRINl : PRINT 

1130 If NU ) = 15 THEN 1160 

1140 PRINT 'CC<JCRETE PRODUCTION FACILITY DOES NOT 111\VE EIWUGII TEST RECOR 

OS 1 PRINT 1 PRINT 

1150 GOTO 1180 
1160 IF Bt = 'Y' THEN 1250 
1170 PRINT 'CWJE GROUP OF CONSECUTIVE TESTS': PRINT'--------------------

---------·' 1 PRINT : PRINT 
1180 PRINT 'NltiBER OF TESTS USED IN CALCULATION' 

1190 PRINT TAB< IO>'•un•: PRINT TAB< IOI'•';NU;' •': PRINT TAB< IOl 

1200 PR IIH 'SPECIFIED CCW1PRESSIVE STRENGTII< I' c l' 

1210 PRINT TAO< IOl'Hnn•: PRINT TAB< IOl'*'l INT <FCll'•': PRINT TAB< 
IO)•uu••' 

1220 PRINT 'REQUIRED AVERAGE C01PRESSIVE STREIIGTH<f'crl' 
1230 PRINl TAlH IO>;•uuu.•: PRINT 11'\0< 10>;•••; INT <FR>;•t•: PRINT 

TAB< IO)'Uttu• 

1240 GOTO 9999 
1250 PRINT 'TIIO GROUPS Of CONSECUTIVE TESTS': PRitH '-------------------

------------': PRINT : PRINT 
1260 PRINT "NIJ1BER Of TESTS IN FIRST GI!OUP =';N<Il 
1270 PRINT 'NIJ1UER OF TESTS IN SECOND GROUP ="1N<2> 

I 2BO GOT 0 II 80 

1290 OATA 15,1,16,20,1.08,25,1.03,30,1 

9999 END 

Fig. 2--Program steps (continued) 
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Case (1) 

PUN 

THE 
-•o•Jo 

DOES THE CONCkETE FACILITY HAVE STRfNG'H T£51 FOR THE S 

PECJFIEO CLASS OR 10VO P•t OF SPECIFIED CLASS OF 
'V 

THE TOTAL NUMBEK OF CONSECUTIVE 
..,30 

START INPUTING THE DATA ONE VALUE AT A TIME CGOVERNING GROUP IF TWO DATA SETS AR 
E USED FOR COMPUTATION l 

ENTER DATA VALUE Ill 

)800 

12> 
3B<O 

•3• 
3830 

•4• 
3840 

•t.• 
:woo 

17: OUTPUT 
3920 

•eo ••FINAL RESLLTS•• 

3'130 ...•..•.•......•• 
I'll 

3'140 
1101 ONE GROUP OF CONSECUTIVE TESTS 

3'1:10 ------------------------------
e111 

4000 
e12r OF TESTS USED IN CALCULATION 

4020 
1131 •30 . 

4030 ., .. SPECIFIED COMPRESSIVE STRENGTHCf'c) 

4040 
1151 •4000• 

4050 
elbr REtlUIRED AVERAGE COMPRESSIVE STRENGTH (of "cr) 

4100 ...... 
et7• •4ZJ3• 

4120 
1191 

4130 

4140 
1201 

4150 
e211 

4200 

.221 

4220 
e2.3• 

4230 
.241 

4240 

4250 
a2bl 

4300 
e21a 

4320 
.281 

•:-c;;: 

•30r 

INPUT 
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)Fi:UN 

THE SPECIFIED COMPRESSIVE STRENGTH" 
-•ooo 
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THE PRODUCTION FACILITY HAVE FIELD STRENGTH TEST RECORDS •OP THE S 
F'ECIFIED CLASS OR WITHIN 1000 P•l OF THE SPECIFIED CLASS Of CONCP.ETE...,CVIN' -. 
THE TOTAL NUM&ER OF CONSECUTIVE TESTS? 
":1 

15 THERE ANY DATA AVA1LA8LE DIFFERENT 
"y 

THE NUMBER OF TESTS IN SECO..D GROUP? 
.,7 

START INPUTING THE DATA OF GROUPII ONE VALUE AT A TIME 

3800 
121 

3820 
e:so 

3830 
e4o 

3840 
I :II 

38:10 
ebo 

:sqoo 
e7o 

3 .. 20 

•a• 
3q:so 

3940 
e101 

etta 

4000 
U2o 

4020 
et3• 

4030 
et4t 

4040 
8151 

4050 
eUH 

4100 

••7• 
4120 

etBI 

4130 
el91 

4140 

•20• 
41:10 

e211 
4200 

e221 

4220 
e23• 

4230 
START INPUTING THE DATA OF 

4240 

4300 

4320 
1:1: 

.... 
4340 .,, 

INPUT 

OUTPUT 

••F I NAL RESt.JL TS•• ................. 

TWO GROUPS OF CONSECUTIVE TESTS 

NUMBER OF TESTS IN FIRST GROUP •23 
NUMBER OF TESTS IN SECOND GROUP •7 

NUMBER OF TESTS USED IN CALCULATION ..... 
•:SO • ..... 

SPECIFIED COMPRESSIVE STRENGTH<< 'cl 

REQUIRED AVERAGE COMPRESSIVE STRENGTHif'crl 

ONE VALUE Al A T 111E 
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Case (iii) 

RUN 

TH£ SF·ECIFIED COMPF<ESSIVE STRENGTH? 

DOES THE CONCRETE F·f<OOUCT ION FACIL lTV HAVE FIELD 61RENGTH TEST RECORDS." OR THE S 

PECIFJED CLASS OA WITHIN 1000 p51 Of THE SPECIFIED CLASS OF 
?V 

T><E TOlAL NUMBER OF CONSECUTIVE TESTS" 

723 

JS THERE ANY DATA AVAILABLE FROM DIFFERENT 
?N 

START INPUTING THE DATA ONE VALUE AT A T 111£ <GOVERNING GRouP IF TWO DATA SETS AR 

E USED FOR COMPUTATION I 

ENTER DATA VALUEil1 

3600 
•2• 

3820 
e3, 

3830 

•4• 
3640 

38!10 

•b• 
3900 

•7• 
3920 

ea. OUTPUT 
3930 

•9• 

1101 ••FINAL RESll.. TS•• 
...•............• 

1111 

4000 
e12r ON£ GROUP OF CONSECUTIVE TESTS 

4020 -------------------------------
113: 

4030 
1141 NUHBER OF TESTS USED IN CALCULATION 

4040 
11:51 •23 . 

40!10 

116: SPECIFIED COMPRESSIVE STRENGTH(f c) 

4100 
1171 •4000• 

4120 
liB: REQUIRED AVERAGE COMPRESSIVE STRENGTHtf crl 

4130 
1191 •4190• 

4140 
1201 

41:50 
1211 

4200 
INPUT 1221 

4220 
123.1 

4230 

.. 
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