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AET Project No. 29-02189

Research Committee:
American Engineering Testing, Inc. (AET) has finished the research study commissioned by the committee
this past summer. The research consisted of a 2 factorial statistical study on the performance of recycled

aggregate concrete. The design of the study allowed for the analysis of three independent variables.

Independent Variables
The three (3) independent variables tested are:

1. Source of recycled coarse aggregate
2. Recycled aggregate replacement percentage
3. Design strength of concrete

Two (2) sources of recycled coarse aggregate tested in this study were crushed concrete aggregate (CCA) and
recycled concrete aggregate (RCA). CCA consisted of concrete that had been returned to the original batch
plant and allowed to hardened. The hardened concrete was then subsequently crushed and available for reuse.
RCA consisted of concrete and other construction material sourced from out of service and demolished
infrastructure. A complete listing of factorial points to be tested is given in Table 1 below. Each factorial
point corresponds to a unique concrete mix.

Table 1
Independent Variables for Performance of Recycled Aggregate Concrete
Factorial Point Aggregate Source Replacement Percentage | Design Strength (psi)
1 RCA 30% 4,000
2 RCA 30% 6,000
3 RCA 60% 4,000
4 RCA 60% 6,000
5 CCA 30% 4,000
6 CCA 30% 6,000
7 CCA 60% 4,000
8 CCA 60% 6,000
9 RCA 45% 4,000
10 RCA 45% 6,000
Control - 0% 4,000
Control - 0% 6,000

Note: Factorial points 9 and 10 have been included to test the significance of curvature.
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Table 2

Mix Proportions 1 2 3 4 5 6 7 8 9 10 11 12
Cement (Ibs) 439 | 595 | 439 | 595 | 439 | 595 | 439 | 595 | 439 | 595 | 439 | 595
Fly Ash (lbs) 78 105 78 105 78 105 78 105 78 105 78 105
Sand (Ibs) 1374 | 1235 | 1374 | 1235 | 1374 | 1235 | 1374 | 1235 | 1374 | 1235 | 1374 | 1235
River Gravel (Ibs) 1329 | 1194 | 569 | 682 | 1329 | 1194 | 569 | 682 | 1044 | 938 | 1926 | 1732
RCA (Ibs) 569 | 512 | 1329 | 1024 - - - - 854 | 768 - -
CCA (Ibs) - - - - 569 | 512 | 1329 | 1024 - - - -
Water (1bs) 220 | 287 | 220 | 287 | 220 | 287 | 220 | 287 | 220 | 287 | 220 | 287
f'c (psi) 4000 | 6000 | 4000 | 6000 | 4000 | 6000 | 4000 | 6000 | 4000 | 6000 | 4000 | 6000
Replacement (%) 30 30 60 60 30 30 60 60 45 45 0 0

Materials

Cement Holcim St. Genevieve, Type I/II Portland Cement (ASTM C150)

Fly Ash Headwaters Coal Creek (ASTM C618, Class F)

Fine Aggregate Empire Concrete Sand (ASTM C33)

Coarse Aggregate Empire 3/4" Rock (ASTM C33)

Water Reducer KB-1000 (ASTM C494, Type A)

Dependent Variables

There are a total of eight (8) dependent variables that were tested for each factorial point and controls. These
are listed below with relevant testing standard.

1. Slump - ASTM C143/C143M-15, "Standard Test Method for Slump of Hydraulic Cement
Concrete."

2. Air Content — ASTM C231/C231M-14, "Standard Test Method for Air Content of Freshly Mix
Concrete by the Pressure Method."

3. Finishability — Subjective evaluation by three experienced finishers who applied a magnesium and
wood floot finish to a 24x24-inch test slab.

Finishing Scale

1. Very difficult
2. Difficult

3. Moderate

4, Easy

5. Very easy

4. Setting Time — ASTM C403/C403M-08, "Standard Test Method for Time of Setting of Concrete
Mixtures by Penetration Resistance."

5. Shrinkage — ASTM C157/C157M-08 (2014), "Standard Test Method for Length Change of Hardened
Hydraulic-Cement Mortar and Concrete."




Minnesota Concrete Council (MCC)
AET Project No. 29-02189
Page 3 of 3

6. Chloride Penetration (Wenner Probe Method) — AASHTO T358-15, "Standard Method of Test for
Surface Resistivity Indication of Concrete's Ability to Resist Chloride Ion Penetration."

Surface Resistivity Test

Chloride Ion 4x8-in cylinder
Penetration kQ-cm

High <12

Moderate 12-21

Low 21-37

Very low 37-254
Negligible >254

7. Compressive Strength — ASTM C39/C39M-15, "Standard Test Method for Compression Strength of
Cylindrical Concrete Specimens."

8. Flexural Strength — ASTM C78/C78M-15a, "Standard Test Method for Flexural Strength of Concrete
(using Simple Beam with Third-Point Loading)."

Test Results
Test results can be found on the attached tables and graphs.

Discussion of Test Results

Sincerely,
American Engineering Testing, Inc.

Daniel M. Vruno, P.E. John A. Amundson, P.E.
Principal Engineer Principal Engineer

MN Reg. No. 42037

Phone: 651-659-1334

dvruno@amengtest.com



I'vl T€0°0- 8T'S S0 3 St6 SL8 060L 0TH9 062 06sr | ST v 0009 | - -
$91 $20°0- 6T:S 15:¢ C 088 SOL 0089 0€19 06L¥ 0€6€ | 0°€ € 000y | - -
6'Cl 820°0- L0:S 3 3 098 089 $209 08LS 0Icy 0€8¢ | 9C | sre [ 0009 | %Sy | vOI
LTl 700" €T'S 00:% C 0S8 00L 0TIS 0IS¥ 098¢ 0867 | v | sLe [ 000 | %Sy | vOI
0TI 0€0°0- 8S'¥ 0€:€ 3 018 StL 0729 0618 061+ 000 | 0¢ v 0009 | %09 | VOO
671 810°0- 01 9¢:¢ C 0¢8 00L 00SS 086S 0Cl¥ 0r9¢ | 0¢ € 000 | %09 | VOO
szl 0€0°0- SIS vSig € 0011 01L 0889 0609 066¥ 090 | ST ¥ 0009 | %0€ | VOO
9yl 820°0- Sty €eie € 08 SSL 0209 099¢ 00L¥ 0Lse | 8v | S+ | 000 | %0¢ | VOO
601 1€0°0- 0TS 90t v SL8 099 090S 06<¥ 0Ere 0€LT | S'1 S 0009 | %09 | vOd
911 700" 6T:S S0 C $69 099 010¥ 08LE 000€ oree | ¢ 3 0007 | %09 | vOd
1zl 120°0- 9T:s 484 v 06L SIL 0€1S 096¥ 026€ 0zl | §'1 S 0009 | %0€ | vOd
811 910°0- 11:9 LEY € 06L 8¢ 061¥ 080€ 010¢ 0£ST | ¥¢C v 0007 | %0¢€ | vOu

wo-1yy| 9% ‘oseNuLIyS | eurf | [enmy | Ajpiqeysiut | sAep-g7 | sAep-, | sAep-9¢ | sAep-g7 | sAep-, | skep-¢ | ny | dun|g

ApAnsisoy owr], | Sumes
orJINS [eInxayg uorssardwo))
€ 9lqeL

68120-6C "ON 109f01d 19V




Juawadeday %o m
voom
You

540009/

9 %09 %0¢ doy %0¢
waoe|day %0 ‘ waoe|dey . aoe|dey . waoe|d® .
ue 5,4 000 7/3W° 5,4 0009/WW° 5400073 540009

240007

086'S

0609

0T’

0€T'9

sAeq 82 @ Yi8uaas aAIssaidwo) : T ydeuaop

000°T

000V

000'S

0009

000/

1sd ‘yrduans aaissaidwo)

68120-6C "ON 109f01d 19V




240009

Juawadeday %o m
voom
You

[ruewd®

\d=d %09

, \dod %0t
240007

9
__.nw.m_ nwm_o , wa2e ,
e 540007

wiade
...HC_N 24 000 9

[awd®

Ex} %0t

540009

540007

Sve

088

00T°T

sAeq 8¢ @ Yi8uaas |eanxa){ :z ydeuo

00¢

00t

009

008

000T

0oct

1sd ‘Yiduans |eanxal{ ‘Say

68120-6C "ON 109f01d 19V




Juawadeday %o m
voom
You

240007

Ajiqeysiuid ;g ydeio

S0

ST

™~

N
~

S'E

Sy

Aupqeysiury

68120-6C "ON 109f01d 19V




24 24 24 34
000°9/1uswade|day Q00‘p/auswadeiday 000‘9/3uswade|day Q0 y/Iuswade|day

%09 %09 %0€ %0€ 240009 24000

_ 00:0

T

leuld ysiess m vee
leiyiu| 3ysiens m
LR ek) |
|erul oo m

9€:€
[euld ¥Ou m

[e1ul voY m cie
a7
0TS ors sts
6C:S 9¢:S 8T:S 67:S
00:9
119
(474

awi] Sumas :y ydeio

4y ‘awy Sumas

ulw




Juawane|day %0 m
Yoom
Youm

S¢00

1€0°0

ce0’0

a8eyulys :q ydeao

S00°0

100

ST10°0

% ‘afejunys

<00

S¢00

€00

SE00

68120-6C "ON 109f01d 19V




Juawane|day %0 m
voom
You

5,4 000°9/34°

waoe|day %09 Luaoe|day %09 Luaoe|day %0t

540007/ 54000932 5.3000'7/303

Ewum__ﬁmﬁ @m_om

5,4 0009

5000

9Vl

67T

vl

S91

A)IAnRSISaY @deyuns 9 ydedo

(0]%

cl

i

91

81

w-gy ‘Auanisisay ajepns

68120-6C "ON 109f01d 19V




v'Cl 540 v1:§ | 6v¢ SLT 008 00L 00¢ZS 0v8t 0€0v 081¢ %09
8l 540 SI:¢ [6-¢ §C 668 069 0LSS 0SIS 0¢0Y 00¥¢ %SY
8¢l 14 veS | v0-¥ SLT SL8 069 0966 oIS 091 0T¢e %0¢
SAep-87 skep-/ SAep-9G | sAep-§7 | SAep-, SAep-¢
wo-{yy 0, ‘98euLyS | [eur | renmuy | Ayjiqeysiurg [eanxoy uorssaidwo))
KNATSISOY awi], | Sumas
00BJINg

SOIMIXIIA] VY U0 I3y o1MJBAIN ) — 7 J[qEL

6'11 80 SIS GS-¢ SL'E S68 SCTL 0€8S 091§ 0¢ly 081¢ 0009
el 120 VS 86-¢ ¢'¢C S8L SL9 0cor 078¥y 065¢€ 0C0¢ 000t
sAep-8¢ sAep-/, SAep-9¢ | sAep-gz | sAep-L sAkep-¢
wo-{yy 0, ‘93eyuLyS | Teur] | renwy | Ajpiqeysmr [eanxaq uoissardwo))
KNATISISOY owr], | Sumes
208BJINg

150 000°9 SA 150 00Q'F 95EPAY [[E1PAQ - 9 I[qEL

vl 54 IS | 6v-¢ SLT 008 00L 00cs 0¥8¥ 0€0Y 081¢ %09
8¢l vC0’ ve:S | 0¥ SLT SL8 069 096¢ orIs 091y 1433 %0¢
SAep-87 skep-/ sAep-9G | sAep-g7 | sAep-L skep-¢
wo-{yy 0 ‘O3equLIyS | [eurq | [enwy | AJNIqeysiur [eanxar uorssardwo))
KNATISISOY owr], | Sumes
o0BJINg
%09 SA 9,(€ 9SBIIAY [[EJOAQ - S I[]EL
cel LTO ¢0:¢ | 8&¢ SLT 068 SlL 0919 0€LS 00SY 078¢ A48
911 14 Le:S | SI¥ SC¢ 06L $S9 0097 0scy 0oree 089¢ \48):!
sAep-8C SAep-/ | sAep-9¢ | sAep-g7 | sAep-L sAep-¢
wo-7yy 0, ‘93euuyg | reurd | renmuy | Aypiqeysiurg [eINXa[ uorssardwo))
KNATISISOY owr], | Sumes
oorJINg

VIO SA V) 93SBIIAY [[BIIAQ - ¥ d(R L

68120-6C "ON 109f01d 19V




voom
vVodm

shep 95

shep 8¢ shep /

shep ¢

000T

000°C

000°€

000y

000°S

0919

0009

Yy13uauls aaissasdwo) “sn 2dA| 91e80.483y T ydeao

000°L

1sd ‘y18uaais anissasdwo) ‘Say




shep 8¢ shep /

voom

vodm

068

Yyi3uaals |eanxalq ‘sA adA] 91e83433y :z ydeio

00T

00¢

00¢

(0[0}7

00s

009

00L

008

006

000T

1sd ‘y18uans jeanxa|4 ‘Say




\/op)]

VOu

S¢e

Ajigeysiuld *sn 9dA) 91e824338y :€ ydeuo

S0

ST

S'¢

S'€

Suney Aujiqeysiuiy




voom
vodm

QW] 1S |euld Qwil] 13S |enu|

LES

awi] Sumas "sn adA] 91e8a188y : ydeun

00-0

[4A%’

<
o
I

9€:¢€

8v-v

00-9

ujwi:ay ‘awiy Suimas




V2D

L20°0

VOd

€¢0°0

0000

S00°0

0T00

ST0°0

% ‘a8eyunys

0c¢o00

§¢00

0€00

98e)unys ‘sn 2dA| 91e80.433y :g ydeao




V2D VOu

©
Ll
o

SEl

sAeq 959 @ A1AIlSIS9Y 2e4ing *sA 9dA] 91e82433y :9 ydeuo

o
—

4!

T

91

wo-pY ‘AlInisisay adeping




Juswade|day %09 m

1uswade|day %0 m

shep 9g shep gz shep / shep ¢

09s‘S

Yy13uauls aAaissasdwo) “sa Juswade|doay 91e82433y :/ ydeuo

000T

000°C

000°€

000V

000°S

0009

1sd ‘y18uasys anissaadwo) ‘Say




Juswade|day %09 m

1uswade|day %0 m

shep / shep ¢

LN
)

Yy13uauls |eanxa|4 ‘SA Jusawde|day 91e80.433y :8 ydeao

00T

00¢

00¢

0[0)%

00s

009

00L

008

006

000T

1sd ‘y18uans jeanxa|4 ‘Say




Juswade|day %09 juswade|day %0¢

SL'C SLC

Ajigeysiul4 *sA Judwade|day 93133433y :g ydeuo

S0

ST

S¢

Suney Aujiqeysiuiy




Juswade|day %09 m

1uswade|day %0 m

awi] 135 |euld awi] 195 [enu|

0¥

vZs

awi] Su119S “SA Judwde|day 91edau33y 0T ydeuo

00:0

[4A%’

<
o
I

9¢€:€

8v-v

00-9

ujwi:ay ‘awiy Suimas




juswade|day %09 juswade|day %0¢

¥¢0°0

0000

S00°0

0T00

ST0°0

% ‘a8eyunys

0co0

§¢00

S¢00

0€00

98e)unys *sA Juswade|doay 91e82433y :TT ydeio




juswade|day %09 juswade|day %0¢

vt
8¢l

sAeq 99 @ A1A1ISIS9Y 22B4ING “SA JudwWde|day 91e80.483Yy :ZT ydeuo

o))

4’

T

wd-pY ‘ANAINISISAY dIepINg




240009m
240007

shep 95 shep gz shep /

shep €

Yy13uauls aaissasdwo) *sa yiduauys udisaq €1 ydeuo

000T

000°C

000°€

000V

000°S

0009

000°L

1sd ‘y18uasys anissaadwo) ‘Say




240009m
240007

shep /

shep €

S68

Yy13uauis |eanxalq ‘SA yidualls udisaq T ydeao

00T

00¢

00¢

(0[0}7

00s

009

00L

008

006

000T

1sd ‘y18uans jeanxa|4 ‘Say




240009

SL'E

2,4 000

Ajigeysiuld *sa yiyduauays usisaq :qT ydeso

S0

ST

S¢

S'€

Suney Aujiqeysiuiy




240009m
240007

awil] 196 |euly QW] 193G |elu|

ves

awi] 3u11as “SA Yyi3uaals udisaq 9T ydeuo

00-0

[4A%’

<
o
I\

9¢-€

8v-v

00-9

ujwi:ay ‘awiy Suimas




2,4 0009

8¢0°0

24 000Y

T1¢0°0

S00°0

100

ST0°0

% ‘a8eyunys

00

§¢00

€00

98e)unys “sa yiduaas udisaq :/1 ydeuo




240009 2,4 000

el

sheq 99 @ A1ANISIS9Y 2e4ING *SA Yi3ualals udisaq 8T ydelo

o))

1

14"

wd-pY ‘ANAINISISAY dIepINg




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.
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CCA
8/4/2016

Location
Date Submitted

Client: MINNESOTA CONCRETE COUNCIL CC: This document shall not be
re.producegi, except in full, J M/l\
without wrlﬂen appervaI )
Project: MCC RESEARCH B manerican Engineering %\
Date of Issue: 8/9/2016
ST. PAUL, MN Reviewed By: JESSE SICH
Job No: 29-02189 EIT, MNDOT Tech ID#17564
Sample ID 16-10740-S1 Description Method Result Limits
Date Sampled 8/4/2016 Specific Gravity (OD) ASTM C 127 2.29
Source Specific Gravity (SSD) 2.43
Material Recycled Apparent Specific Gravity 2.65
Specification Project Specifications Absorption (%) 5.8
Sampling Method Density Determined Without First Drying? No

Additional Notes

% Passing

ASTM C 136
Drying by: Oven
Date Tested: 8/4/2016

Method:

Tested By:

Sieve Size

1in

¥4n
van

38in

Seve

No.4
No.8

% Passing
1in (25.0mm)
%in (19.0mm)
Yin (12.5mm)
3/8in (9.5mm)
No.4 (4.75mm)
No.8 (2.36mm)

Limits
100
87
53
39
8.0
4.0

N/A
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Location
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Sample ID 16-10740-S2 Description Method Result Limits
Date Sampled 8/4/2016 Specific Gravity (OD) ASTM C 127 2.33
Source Specific Gravity (SSD) 2.45
Material Recycled Apparent Specific Gravity 2.65
Specification Project Specifications Absorption (%) 5.1
Sampling Method Density Determined Without First Drying? No

Additional Notes

% Passing

ASTM C 136
Drying by: Oven
Date Tested: 8/4/2016

Method:

Tested By:

Sieve Size

1in

¥4n
van

38in

Seve

No.4
No.8

% Passing
1in (25.0mm)
%in (19.0mm)
Yin (12.5mm)
3/8in (9.5mm)
No.4 (4.75mm)
No.8 (2.36mm)

Limits
100
95
57
40
6.9
3.2

N/A
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PHOTOGRAPHS
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Photo 1:

Showing CCA particle.

Photo 2:

Showing magnified interface.
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Photo 3:

Showing asphalt in concrete containing RCA.




