STRUCTURAL CONCRETE SUBDIVISION

JURE 1973

5000 PSI CONCRETE

PRELIMINARY INVESTIGATION OF MIX DESIGN

Introduction

This concrete investigation was initiated at the request of the Bridge
Design Division to provide basic information for design and construction of
cogst in place post-tensioned bridge members. The concrete proportions were
selected on the basis of strength, durability, and place-ability required for

this type of construction.



MATERIALS

Following are listed the materials used in this investigation and their

sgurcess:

Aggregates:
3/4% Stone and Sand
Lebanon Crushed Stone, Inc.

West Lebanon, New Hampshire

Cement:

Type 1

Glens Falls Portland Cement Co.
Glens Falls, New York

Water Reducing-Retarding Admixture:

Plastiment

Sika Chemical Corp.
Passaic, New Jersey

Air Entraining Admixture:

NVX

Hercules Powder Co.
Wilmington, Delaware



Procedures

The procedures used in designing the mixes closely followed those outlined in
ACT Standard 211.1«70 (recommended practice for selecting proportions for normal
weight concrete). The mix designs and data used in establishing them are noted in

the following table.

Mix Design #1 Mix Design #2

Coarse Aggregate lbs/cu.yd. (dry) 1862 1947

Fine Aggregate lbs/cu.yd. (dry) 1147 1067
Ratio Fine Aggregate to Total Aggregate (%) 39.6 36.9
Cement 725 725
Water=Cement Ratio 40 40

Slump (inches) 2=3 2=3

Air Content (percent) 6 6
Compressive Strength at 28 days, (psi) 5000 5000
Water Reducing-Retarding Admixture (oz/sk) 2% 2%

Three batches of each design were mixed in a Lancaster open pan mixer and the
concrete was tested for consistency, air content, relative yield, and compressive
strength. Standard 6x12 inch cylinders, cast in treated cardboard molds, were con-

tinuously moist cured and tested in compression at ages of 3, 7, 14, and 28 days.

Results
Consistency:
Air contents of all batches ranged from 5% to 6 percent as measured by the Chace
Air Indicator. These results correlated closely with the Standard pressure meter

test which was occasionally used for confirmation.



Relative Yield:
The weight per cubic foot and relative yield of the two mix designs compared

closely with the following results being obtained:

Mix Design #1 Mix Design 2
Weight Per Cubic Foot (Lbs) 150.58 150.30
Relative Yield (%) 99.9 100.2

Compressive Strengths

Compressive strength results are shown in the accompanying tables.

Mix Design #1

3 Days 7 Days 14 Days ‘ 28 Days
Batch A 4368 5049 5368 5854
Batch B 4483 5438 5739 5987
Batch C 4112 4810 5085 5597
Average 4321 5099 5397 5813

Mix Design #2

3 Days 7 Days 14 Days 28 Days
Batch A 3979 4855 5359 5615
Batch B 4253 4695 5385 5730
Batch € 4067 4828 5359 5615
Average 4100 4793 5368 5653




Summary

The concrete designed for 5000 psi proved satisfactory with laboratory results

exhibiting an average strength of 5733 psi.

Both the slump and air content were within anticipated tolerances,

Conclusions & Recommendations

The mix design used in this investigation is satisfactory for field use provided
rigid control be maintained relative to slump and air content. Due to the higher
strengths involved, it would not be detrimental to durability to lower the air content
to 5%. This would further increase compressive strength.

It should be noted that if variations in materials are anticipated, relative to
cement or aggregate sources and admixture manufacturers, further investigations should
be conducted in the laboratory. Also, if construction practices result in lower
strengths, provisions should be made in the specifications for necessary adjustments.

Although very stiff mixes are commonly used in both pre-stressed and post tene
sioned concrete, complete and thorough vibration in the forms is necessary to insure

proper consolidation.



<REE=rin U

cm ey
P

RSP WIRS

Concreve

Air Conbent ! gewp, .1 Slump
Percent Degrees Inches

Racth No., ! Proctor Penetration

= 5005 pei 40C0 psi
Hrs,

T e ot
Hrso
' E
5 S ;

i

CH C I pes 2 ‘
A P P =
e S theo .

. . N s / P
Water Comtent (Avge % of
| Compa. St

1Time of = Ave, % oof

VAT Sa %o of Deviation duc to Redhard
Time of Sotting (AV{:@ Increase in Hrs, due to

reduationt dus
increase que

s I 07 Pl
ne'n [ivge % of

L by
R i

> Yoy opay 28 Day

Re”m:cder)}

Noteo s




DM ATINTDD s
Dbl sl ULl

T o
RSV IRA

A

-

i
-
H

.

~ | .
OO

Cooreac

Proctor Penetretion [Air Content Temp, S1ump,
500 pad 4000 psi Percent Degrees Inches
e drse Hra, _
Y '
Average ..
Referendd
& L < D s B
5 2 el oy hess >
6
Average

Water Content

(Aves 7 of reduchiomidue 6

Compa Strengtn (Avg. % of increase due 10 Rpaardcr)

7 bay 28 Day
Time of Setting (Ave, % of Deviation due t0: Retarder) ; Initcial Final
Time of Setting (Avg. Increase in Hrs, due to.Retarder) Toitial Fipal

Notes




ST AYS YNTAYY T OOy -y e
ATV z NER MGV &1
VL all Ul Lol SLSUNL

by

S

Bacth No, ! Proctor Penetvration |Air Content

‘ ]
Tempy -3

4 Lomp: vessive Strength
F S L ) 2 e - < L

JiE 5000 o 4000 psi Percents Degrees Inches 7 Day |28i Day
Retanden s

ArSe |

3

il roles

Average. .4

2 ekl ST
Refeskadod

»

6 ‘
Average |

Lo it PA) -
Vater Content (fwvz. 4 of reduction:due Lo Boksade:

S i . Lo 7
Comp. Strength (Ave. % of imcrease duc G0 Retarder) 3 Day 7 Day 28 Day
Time of Sctting (Ave, % of Devietion due to: Reterder) Initial Final
Time of Setting (Avg. Increase in Hrs. due to.Retarder) Taitial Rinal

Notesg::










Date /L/ (jj " /g' //’ Xf A :"/
Laboratory Calculated Concrete Design
Class - Concretes Item

For use on all projects in area us:mg this source
Concrete Mix from S ol R

L ‘i & - s,

Aggregate from: ,
# LStone / fon sy LSS > 8Pecific Gravity .

#2Svone (o /2l b AT SPecific Gravity ~ ¢/
7

Sand SPecific Cravity . /|
Design:

(’ Bags of Cement Per Yard
’:éwy Sand to total aggregate volume
779 pir Entrainment

A szl-

O % Pea Stone to total stone wolume

T Gallons H?O Per Sack Cement

Aly BEntrainment Cement LS x 9l

¢ <
3alp X 62.4
/ 1_f, _Gallons H,0 Per Bag Cement {?y,;&:\;, x e = £/.560 0, Fo= _j_*_‘_f____ 5 Gal
; ohs
€. % Air Entraioment - % x 27,000 -
Sand (4% Send to total aggregate volume ) e 70 2 C.F,
# 2 Stone (/00 & of total stone volume) = 1 57450 F.
# 1 Stone = C.F,
27,000C . F,

Dry Weights:
Sand = /O x /7 / X62, L= / / 5.9 Ibs, ¢

#2 Stone =/;), .5 Y A X 209 xéplm [0 54 lns,

#1 Stone = X X62 L= Lbs,
Mix:
" Stone @ Lbs, 5 A ]:S
_ " Stone = __Lbs, [ J / >
Sand ' = Tbs, |
Cement = | _ Lbs,

_ Gallons '—-HQO' Per Y4, =

Adjust for Moisture




Date Al/d/ /) e

Laboratory Calculated Concrete Design

Class_ ,/% _Concrete; Item 5

For use on all projecis 1n area using this source

s o SPecific Gravity f:,_m& i
Sand Cos /bl S SPecific Gravity .~ //
{
Desizn:
‘;7 Bags of Cement Per Yard
0% Sand tao total aggregate volume
5% Air Entraimment
"% Pea Stone to total stone volume
5 2<Gallons H20 Per Sack Cement
Air Entrainment Cement /x 9l e 7 2ys CFae &> Tbs,
' Sel5 x 62,4 o
ffi;f;Gallons H,O Per Bag Cement g?i: X225 o /Y CoFos L T
' T L8 -
G5 5% Air Entrainment 65 % % 27.000 < /. 775 C,E,
Sand (/0% Sand to total aggregate volume ) {777 C.F,
# 2 Stone (/O % of total stone volume) =/55L35}C(Fe
# L Stoue = = CF,
27 JOOC
Dry Weights:
Sang - = C /)Y x Z.U) x62.0e  [[H4O  Ibvs.
#2 Stone = /0 /') X Y x62,k= /3 O Tbs.
#1 Stone = X K62 L= Lbs,
Mix: .
__“ Stone = Lbs, :QVJ}Q‘ 6
o " Stone = __Lbs, / O 5 ﬁ)
Sand = Lbs,
Cament = Lbs,
. GallonSLHQO'Per ¥d, = y

Concrete Mix from

Aggregate from: .

# 1 Stone

SPecific Gravity

[ I < S A 4 : ; B
it 2 Sbone / o (Ol ihie

Adjust for Molsture




/4 P o P
Date A/ cir sy /oo

Laboratory Calculated Concrete Design
Class ,%;w Concrete; Item

For use on all projects in area using this source
Concrete Mix from

Aggregate from:
# 1 Stone SPecific Gravity
# 2 Btone / 5‘?4’ﬁ b ST O 4 s s BPaeilie Gravity o _’ﬂ_/:
Sand__ (oo Jpg il SPecific Gravity ~ ~ /
Bags of Cement Per Yard
7% Sand to total aggregate volume
ﬁ Air Entrainmment
7 Pea Stone to total stone wolume
Gallons HZO Per Sack Cement
Air Entrainment Cement s x 9l o 5, DT CLF = y?f%?hlbse
LTI B TL e T
4 /% Gallons Hy0 Per Bag Cement 7.5 X-52¢" L7 2y CF,= 7 575 Gals
n-*ﬂz:g-‘ e
.5 % Adr Entraloment 65 x 27.000 = /. 774750, F,
Sand (Miﬁzz Sand to total aggregate volume ) = o 2 YL 5C R
i# 2 Stone (/27O % of total stone volume) - g}ggi/C‘F,
# 1 Stone | = ¢ GF,
;Z 27 QOOC
Dry Weighis: .
Sand = 0,55 % X /) xé2le [0 Ibs,
#2 Stone = 5.5 ) X 70U xéel= |5 5 Tns,
#1 Stone = X X62 L= Lbs,
Mix:
W Stone = Lbs., ¢ /] ¢
. " Stone = __Lbs, / R, <
Sand = Lbs,
Cement = _Jbs,

GallODSLHQO'PGT id. =

Adjust for Moilsture






