
Effect of Mixing Time and Overload on Concrete 
Produced by Stationary Mixers 
J . F. BARBEE, Rigid Pavement and Concrete Engineer, Ohio Department of Highways 

This paper covers tests made in conjunction with the Bureau 
of Public Roads on two concrete paving projects to determine 
the minimum time of mixing required by stationary mixers, 
used to mix concrete for agitating or non-agitating delivery, 
to prepare well-mixed and uniform concrete, and to determine 
the amount of overload that can be permitted. 

Two mixers were used in the tests, one a 210S, the other a 
254S. Mixing times were 150, 120, 90, 75 and 60 seconds, with 
no overload and with a 10 percent overload. 

Tests were made to determine compressive and flexural 
strength, consistency, air content, unit weight and percentage 
of mortar in the mix (using washout). 

Based on the results obtained, the Ohio Department of High­
ways has changed its specifications for central-mix concrete 
to 1% -min mixing time with an allowable 10 percent overload. 

• IN T H E S U M M E R of 1958, the Ohio Department of Highways participated in a mixing 
time study of 34-E dual-drum pavers. This study, suggested by the Bureau of Public 
Roads and participated in by several highway departments was to determine the most 
desirable mixing time and the permissable overload, if any. As a result of Ohio partic­
ipation in the paver study, considerable interest in optimum mixing times, not only for 
pavers, but also for stationary mixers used with central-mixed concrete paving opera­
tion was generated in the state. 

Generally, a minimum mixing time of one minute for the first cu yd plus 15 sec for 
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each additional yard or fraction thereof was specified for concrete completely mbced in 
a stationary mixer. Some concrete users, however, were of the opinion that the length 
of mixing time required was not dependent on the size of the mixer, but that any properly 
designed mixer, regardless of size, would mix concrete in approximately the same time. 

Figure 2. 

Figure 3. 
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The Ohio Depar tment of Highways spec i f i ca t ions r e q u i r e d a m i n i m u m m i x i n g t i m e of 
two minu tes f o r s t a t ionary m i x e r s . 

The p o s s i b i l i t y of i n c l u d m g s t a t ionary m i x e r s i n the paver s tudy was r e v i e w e d w i t h 
the Bureau of Publ ic Roads and i t was decided a m o r e p r a c t i c a l approach w o u l d be to 
conduct a separate s tudy. 
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T A B L E 1 

M I X I N G T I M E VERSUS COMPRESSIVE STRENGTH 

Compres s ive Strength (ps i ) 

M i x i n g 
T i m e Ove r load 
(sec) (%) 

2 SOS Smi th 
P r o j e c t 522 (1958) 

210S B u r m e i s t e r 
P r o j e c t 497 (1958) 

Composi te of 
2 P r o j e c t s 

M a x M i n A v g ^ Max M i n A v g ^ Max M i n A v g 

28-Day Break 

150 0 5180 3860 4614 5320 4600 5077 5320 3860 4846 
150 10 5080 4140 4568 4570 3460 3973 5080 3460 4271 
120 0 4950 3880 4510 4740 4140 4435 4950 3880 4473 
120 10 4640 3930 4326 5020 4100 4663 5020 3930 4495 
90 0 6030 4740 5306 5080 4170 4629 6030 4170 4968 
90 10 5300 4030 4713 5230 4240 4730 5300 4030 4722 
75 0 5530 3740 4619 5110 4210 4747 5530 3740 4683 
75 10 5430 4300 4803 4850 3820 4210 5430 3820 4507 
60 0 5620 4450 5022 5440 4100 4748 5620 4100 4885 
60 10 5960 4710 5323 5060 3360 4511 5960 3360 4917 

a Each average compres s ive s t r eng th represen t s 27 samples taken f r o m 3 batches. 
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A c c o r d i n g l y , a r r angemen t s w e r e made to make such a s tudy on t w o Ohio h i ^ w a y 
p r o j e c t s i n the s u m m e r of 1959. 

A proposed p r o g r a m f o r the study was p r e p a r e d and submi t t ed to the Bureau of Pub l ic 
Roads f o r a p p r o v a l . Va r i ab l e s p r o v i d e d f o r i n the p r o g r a m w e r e m i x i n g t i m e s of 150, 
120, 90, 75 and 60 seconds, w i t h 0 and 10 percent ove r loads . The tes ts w e r e to be 
essent ia l ly the same as those used i n the paver study w h i c h was r e p o r t e d by D . O. Wool f 
of the Bureau of Pub l ic Roads at the 1960 Highway Research B o a r d mee t ing . Samples 
f o r tes ts w e r e taken f r o m each tenth batch of 90 consecutive batches. Th ree samples 
w e r e taken f r o m each batch sampled . Specimens w e r e made f o r compres s ion and f l e x ­
u r e tes ts on c e r t a i n batches. Tes ts w e r e made f o r a i r content, s l u m p and un i t we igh t . 
Washout t es t s to de t e rmine percen t of coarse aggregate w e r e also made . Some m o d i f i ­
cat ions i n the planned p rocedure w e r e made as w i l l be expla ined l a t e r . 

T w o p r o j e c t s w e r e se lec ted f o r the s tudy. On one p r o j e c t , located on US 33, about 
20 m i l e s southeast of Columbus , des ignat ion P r o j e c t 522(1958), F a i r f i e l d and F r a n k l i n 
Count ies , the concre te was m i x e d i n a 254-S (9 .3 cu yd) S m i t h M i x e r ( F i g . 1) . The 
weighted aggregates w e r e f e d to the m i x e r by be l t , the cha rg ing t i m e s f o r a 10 percen t 
ove r load be ing 23 sec. F o r the same s ize batch , cha rg ing t i m e f o r the wa te r was 26 Va 
sec, and d i scharge t i m e f o r the m i x e d concrete 15 sec. Inasmuch as the plant was c o m ­
p le t e ly i n t e r l o c k e d only the m i x i n g t i m e was changed, the cha rg ing |and d i scharge t i m e s 
r e m a i n i n g unchanged. T h i s gave an add i t iona l m i x i n g t i m e of about 2 sec to a l l batches 

T A B L E 2 

M I X I N G T I M E VERSUS TRANSVERSE S T R E N G T H 

T r a n s v e r s e Strength (psi) 

254S Smi th 
T>>^;„»4 . c o o ItaKO 

T i m e Ove r load 

. 254S Smi th 210S B u r m e i s t e r Composi te of 
T i m e Ove r load P r o j e c t 522 (1958) P r o j e c t 497 (1958) 2 P r o j e c t s 

(sec) (%) M a x M i n A v g ^ M a x M i n A v g ^ I Max M i n A v g 

7- Day B r e a k 

150 0 940 720 807 950 660 811 950 660 809 
150 10 920 670 796 900 680 761 920 670 779 
120 0 880 590 758 950 700 799 950 590 779 
120 10 870 650 766 880 650 744 880 650 755 

90 0 880 670 778 910 580 796 910 580 787 
90 10 890 650 775 920 660 747 920 650 761 
75 0 890 680 774 940 710 813 940 680 793 
75 10 880 640 739 840 650 764 880 640 752 
60 0 930 720 804 920 780 831 930 720 818 
60 10 900 760 832 920 650 837 920 650 834 

14- Day B r e a k 

150 0 980 780 872*^ 950 780 861*' 980 780 867 
150 10 980 780 861 990 750 843 990 750 852 
120 0 940 740 847 960 760 835 960 740 841 
120 10 900 800 856 980 670 826 980 670 841 

90 0 950 830 883 910 680 831 950 680 857 
90 10 950 760 842 870 720 800 950 720 821 
75 0 970 780 861 920 810 861 970 780 861 
75 10 870 750 820 940 780 853 940 750 837 
60 0 1050 780 904 980 830 904 1050 780 904 
60 10 930 730 865 970 850 914 970 730 890 

^ E a c h average f l e x u r a l s t r eng th represen t s 18 breaks of 9 beams f r o m 3 batches. 
' ' E a c h average f l e x u r a l s t r eng th represen t s 9 breaks of 9 beams f r o m 3 batches. 
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of z e r o percent ove r load . Batches of 0 and 10 percen t ove r load w i t h a l l f i v e m i x i n g 
t i m e s , as planned, w e r e p rocessed th rough th i s p l an t . 

A 210-S B u r m e i s t e r M i x e r ( F i g . 2) was used on the second p r o j e c t , w h i c h was 
located on US 35 about 15 m i l e s southeast of C h i l l i c o t h e , designat ion P r o j e c t Number 
497(1958), Jackson County. W i t h t h i s p lant the weighted aggregates and cement w e r e 
f e d by a be l t i n to a co l l e c t i ng hopper, f r o m w h i c h they w e r e d i scharged in to the m i x e r . 
A t t h i s p lan t , a lso comple te ly i n t e r l o c k e d , the cha rg ing t i m e f o r the aggregates was 
44 sec, d ischarge t i m e 25 sec and cha rg ing t i m e f o r the wate r 52 sec. I n t h i s case, 
as i n P r o j e c t 522, only the m i x m g t i m e s w e r e changed, so that the s m a l l e r batches had 
s l i g h t l y longer m i x i n g than d i d the o v e r l o a d batches. Because the capaci ty of the 
cement scales was only 5,000 l b , the complete 10 percen t ove r load could not be used. 
The ac tua l o v e r l o a d was 9 .2 percen t . Due to a misunders t and ing the 0 ove r load was 
not 0 but 2 . 8 pe rcen t . F o r tabula t ion of tes t r e s u l t s and analys is these over loads a re 
cons idered t o be 0 and 10 percen t , not 2 . 8 and 9 .2 percent as they ac tua l ly w e r e . 

A s the study was o r i g i n a l l y planned i t was intended to take a 100- lb sample f r o m the 
f i r s t t h i r d , second t h i r d , and l a s t t h i r d of the tes t batch as d i scharged f r o m the m i x e r . 
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T A B L E 3 

E F F E C T O F MIXING TIME AND OVERLOAD ON COMPRESSIVE STRENGTH AT 28 DAYS 

Unit Compressive Strength (psl) Ratio to Strength for 120-Sec Mixing Time (%) 

Mixing Time 

Project Overload 60 75 90 120 150 60 75 90 120 150 
No (%) Sec Sec Sec Sec Sec Sec. Sec. Sec Sec Sec 

522(58) 0 5022 4619 5306 4510 4614 I l l 102 118 100 102 
497(58) 0 4748 4747 4629 4435 5077 107 107 104 100 114 
522(58) 10 5323 4803 4713 4326 4568 123 111 109 100 106 
497(58) 10 4511 4210 4730 4663 3973 97 90 101 100 85 
AveraRe 4901 4595 4844 4484 4558 109 102 108 100 102 
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However , on c lo se r ana lys i s t h i s seemed to be hazardous as w e l l as i m p r a c t i c a l . 
Because each p lan t was equipped w i t h a ho ld ing hopper, i t was then decided to d i v i d e 
the batches in to t h i r d s as they w e r e d i scharged f r o m the ho ld ing hopper . The p rocedure 
used was as f o l l o w s : 

1 . I m m e d i a t e l y p r i o r to d i scharge of a tes t batch a l l concre te i n the ho ld ing hopper 
was w i t h d r a w n . 

2 . The tes t batch was then d i scharged in to the ho ld ing hopper . 
3. The tes t batch was then d i scharged by t h i r d s in to t h r ee dumpcre te t r u c k s and 

t r a n s p o r t e d to the cas t ing and t e s t i ng a rea . 
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T A B L E 4 
E F F E C T O F MIXING TIME AND OVERLOAD ON F L E X U R A L STRENGTH AT 7 DAYS 

Unit Flexural Strength (psl) RaUo to Strength for 120-Sec. MUdnK Time (%) 

Project Overload 60 75 90 120 150 60 75 90 120 150 
No (%) Sec. Sec. Sec Sec. Sec. Sec. Sec. Sec. Sec. Sec. 

522(58) 0 804 774 778 758 807 106 102 103 100 106 
497(58) 0 831 813 796 799 811 104 102 100 100 101 
522(58) 10 832 739 775 766 796 109 96 101 100 104 
497(58) 10 837 764 747 744 761 112 103 100 100 102 
Average 826 773 774 767 794 108 101 101 100 103 
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4. A t the cas t ing area a tes t sample of concre te was d i scha rged f r o m each t r u c k 
in to pans ( F i g . 3) and designated F i r s t , Second and T h i r d samples . 

Th ree 6- by 1 2 - i n . c y l i n d e r s w e r e cast f r o m each t h i r d sample of th ree tes t batches. 
These w e r e c u r e d o v e r n i ^ t a t the cas t ing s i t e and t r a n s p o r t e d to the t e s t i n g l a b o r a t o r y 
on the f o l l o w i n g day where they w e r e s t o r e d i n the m o i s t r o o m vmt i l t e s ted at 28 days . 
The average r e s u l t s obtained f r o m these tes ts a r e g iven i n Tab le 1 . A r e v i e w of these 
data shows tha t the average compres s ive s t r eng th of the 10 percen t ove r load concrete 
i s app rox ima te ly 4 percent less than that w i t h no o v e r l o a d . 

S i m i l a r l y , 6- by 6- by 4 0 - i n . beams w e r e cast f o r t e s t m g . These w e r e handled i n 
the same manner as the c y l i n d e r s . The beams w e r e tes ted at the l a b o r a t o r y i n a center 
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T A B L E 5 

E F F E C T O F MIXING TIME AND OVERLOAD ON F L E X U R A L STRENGTH AT 14 DAYS 

Unit Flexural Strength Ratio to Strength for 120-Sec. Mixing Time (%) 

Mixing Time 
Project 

No 
Overload 

(%) 
60 

Sec 
75 
Sec 

90 
Sec 

120 
Sec. 

150 
Sec 

60 
Sec 

75 
Sec. 

90 
Sec 

120 
Sec. 

ISO 
Sec 

522(58) 0 904 861 883 847 872 107 102 104 100 103 
497(58) 0 904 861 831 835 861 108 103 100 100 103 
522(58) 10 865 820 842 856 861 101 96 98 100 101 
497(58) 10 914 853 800 826 843 111 103 97 100 102 
Average 897 849 839 841 859 107 101 100 100 102 
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loading device, two breaks being made at seven days and one at 14 days from 
each specimen. The data obtamed from these tests are given in Table 2. A review of 
these data shows that the concrete with no overload averaged 3 percent higher at seven 
days and 2 percent higher at 14 days than the concrete with the 10 percent overload. 

Inasmuch as the overload had no significant effect on either the compressive or 
flexural strength it may be assumed that a 10 percent overload, at least so far as 
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TABLE 6 
AIR CONTENTS OF SELECTED SAMPLES 

Specimen 
No. 

Mixing Time 
(Sec.) 

Average ̂  
Air Volume 

(%) 

Average ̂  Number 
Voids per Traverse 

(InJ_ 

Average Air 
Volume Field 

Tests 
(%) 

Average Slump 
Field Tests 

(InJ_ 
10-2-2 60 4.41 7.41 4.2 2 
8-5-2 75 4.84 7.46 4.2 2% 

2% 
2 '74 
2% 

6-8-2 90 3.83 5.25 4.2 
2% 
2% 
2 '74 
2% 

4-2-3 120 3.62 7.13 4.4 

2% 
2% 
2 '74 
2% 2-8-1 150 3.75 7.05 4.2 

2% 
2% 
2 '74 
2% 

Note: — All specimens tested represent 10 percent overloads. 
^Average of two sections cut from each beam. 
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s t reng th i s concerned, may be p e r m i t t e d because th i s w i l l p roduce 10 percen t m o r e 
concrete of essen t ia l ly the same s t r eng th . 

The e f f e c t of m i x i n g t i m e on compres s ive and f l e x u r a l s t r eng th u s ing the average 
of both loadings f o r each p r o j e c t i s shown i n F igu re s 4 and 5. Compar i sons w e r e a lso 
made to show the e f f ec t i n percent that v a r i a t i o n of the m i x i n g t i m e had on both c o m ­
p r e s s i o n and f l e x u r a l s t r eng th . In these compar i sons , the s t r eng th obtained w i t h 120 
sec of m i x i n g was cons idered to be 100 percen t . Table 3 and F i g u r e 6 give th i s i n ­
f o r m a t i o n on 28-day compress ive s t r eng th . The 7-day and 14-day f l e x u r a l s t rengths 
a re compared i n Tables 4 and 5 and i n F igu res 7 and 8. 

The composi te e f f ec t of v a r i a t i o n m m i x i n g t i m e i s shown i n F i g u r e 9. He re 0 and 
10 percent ove r load tes t r e s u l t s a r e combined u s ing the 120-sec average as 100, A 
study of the data i n F i g u r e 9 shows that both compres s ive and f l e x u r a l s t rengths a re 
greatest w i t h 60-sec m i x i n g . The compres s ive s t reng th , except f o r a peak at 90 sec, 
decreases s l o w l y w i t h add i t iona l m i x i n g w i t h some s l i gh t r e c o v e r y at 150 sec. The 
f l e x u r a l s t r eng th a lso decreases w i t h m o r e than 60 sec of m i x i n g and here again some 
r e c o v e r y i s shown w i t h 150 sec. I n ne i ther case do the data indica te that m i x i n g m o r e 
than 60 sec i s conducive to h igher s t reng ths . 

Un i t weight de te rmina t ions and washouts w e r e made to de t e rmine u n i f o r m i t y w i t h i n 
the batches. These w e r e made on each t h i r d of th ree tes t batches of each combina t ion 
of m i x i n g t i m e and ove r load on both p r o j e c t s . Because d i f f e r e n t aggregates w e r e used 
i n the two p r o j e c t s , no e f f o r t was made t o combine the r e s u l t s obtained. The th ree 
t es t samples w e r e combined f o r each batch and the a i r content de t e rmined us ing a p r e s ­
su re me te r ; s l ump tes ts and K e l l y B a l l tes ts w e r e a lso made. In addi t ion , a i r checks 
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w e r e made of the i n d i v i d u a l batch po r t i ons u s i n g the Chase A i r I nd i ca to r . These v a r i e d 
cons iderab ly and w e r e not used f o r c o m p a r i s o n . 

The r e s u l t s of the washout t es t s , expressed i n pe rcen t of coarse aggregate and of 
the u n i t weights of the concrete f o r P r o j e c t 522 (254-S Smi th) a re shown i n F i g u r e 10. 
No s i g n i f i c a n t v a r i a t i o n was obtained ind ica t ing that the concre te was m i x e d to essen­
t i a l l y the same u n i f o r m i t y r ega rd l e s s of m i x i n g t i m e o r ove r load used. S i m i l a r m -
f o r m a t i o n f o r P r o j e c t 497 (210-S B u r m e l s t e r ) i s shown i n F igu re 1 1 . A g a i n no s i g n i f i ­
cant v a r i a t i o n i s f o i m d . 

Based on a p r e l i m i n a r y r e v i e w of the data obtained i n t h i s study i t was decided by 
the Ohio Depar tmen t of Highways to reduce the s p e c i f i e d m i x i n g t i m e f o r concre te m i x e d 
i n s t a t ionary m i x e r s f r o m 2 to 1% m i n . T h i s m i x i n g t i m e has been p e r m i t t e d by p r o ­
posa l note s ince December 1959. 

I t was p r e v i o u s l y po in ted out that the s t rengths obtained w i t h the 60-sec m i x w e r e 
on the average h igher than those obtained at any other m i x i n g t i m e ( F i g . 9 ) . T h i s 
r a i s e d the quest ion as t o whether the a i r en t ra ined at t h i s m i x i n g t i m e was of the p r o p e r 
s ize and d i s t r i b u t i o n . T h r o u g h the cour tesy of the P o r t l a n d Cement | Assoc ia t ion , a 
l i m i t e d number of a i r de t e rmina t ions w e r e made (ea r ly i n 1960) at t h e i r l a b o r a t o r y on 
sect ions of 5 tes t beams f r o m P r o j e c t 522, (254-S Smi th ) . The r e s u l t s obtained by 
these de t e rmina t ions , together w i t h r e l a t e d f i e l d data, a r e g iven i n Tab le 6. T h i s 
shows that based on the data ava i l ab le , the 60-sec m i x e d concre te had an a i r content 
comparab le to o r g r e a t e r than that obtained at longer m i x i n g p e r i o d s . 

I t i s the presen t in ten t ion to make f u r t h e r tes ts be fo re r e d u c i n g the r e q u i r e d m i x i n g 
t i m e below the \ % - m i n m i n i m u m now s p e c i f i e d . The cha rg ing t i m e s f o r aggregates 
used i n t h i s s tudy, 23 and 44 sec, p e r m i t some m i x i n g be fo re the ac tua l m i x i n g p e r i o d 
i s s t a r t e d . T h i s may have some bea r ing on the ac tua l m i x i n g t i m e r e q u i r e d . 
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