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New Conditions Create New
Problems

m State highway agencies are changing the rules to

how they award construction projects.

m Warranties
® Time constraints

® Performance specifications

B New rules = more risk for contractors




New Conditions Create New
Problems

m Today, we want to know things like, “If I plan to build an
8” JPCP in July in Madison with a 5 year warranty, what
properties should I design for?”

m Or, “How can I design a mix using 3 or even 4
agoregatesr’”

m Or, “What’s the best way to get 550 flex strength at 28
days for the lowest cost, with the least cement?”




Welcome to COMPASS

m Computer-based guidelines for
job-specific optimization of paving concrete

®m Purposes:

= For use by concrete pavement designers/engineers,
researchers, and concrete suppliers

= For the purpose of designing with conventional concrete-
making materials

= For JPCP, CRCP, and patch/repair mixtures




Welcome to COMPASS

m COMPASS does 2 things:

1. Guides the user through the mix design process.

1. Guides the user in optimizing mix designs.




The COMPASS System

m  COMPASS has 4 tools. You can use one of them,
or all of them:

Mix Expert (identifies important properties and offers
materials advice)

Gradation (blends multiple aggregates for the best
gradation)

Proportioning (ACI 211, with modifications)

Optimization (pick the best combination of materials for
the specific criteria of your project)




Mix Expert Module

r

= COMPASS
File Edit Help

Tip of the Day
Create New Project There is a need to use at least 50% or more replacement with Class C fly ash to
control the heat of hydration. Typically, there is no effect on thermal shock using
lass C fly ash.

Gradation

Create Mew Project

Proportioning omerate produced using "C" ash hydrates faster then that with "F" ash =tefore,
Create Hew Project ore heat is gemerated.

Optimization

: References
e lise st * "Use of Fly Ash in Concrete.”, USA, American Concrete Institute, 2003.




Mix Expert Module

Site Specific Conditions
* Project Type
* Design & Construction Info

» Climate Mix Expert’s
e EXposure Knowledge-Base

Performance Criteria Recommendations
e Important PCC Properties
e Recommended Test Methods
 General Recommendations




Mix Expert Module
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Mix Expert Module
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Setting

KE? Points Typically, initial set sceurs between two and four

hours after batching; final set occurs between four

| Pages\li\ Bookmarks

Setting is when concrete loses its and eight hours after batching. Initial set and final set

by s e ) e are arbitrarily determined based on the test methods

influenced by the chemistry of the available, but initial set generally occurs shortly after

cementitious system. initiation of the silicate phase of cement hydration (see
Portland Cement Hydration in chapter 4, [page 88.)

Class F fly ash and ground, granulated False set and flash set are the stiffening of the

blast-furnace slag will generally retard mixture in the first few minutes after muung and are

setting time. due to uncontrolled reactions of the aluminate/sulfate

compounds in the cement (see Potential Materials
Setting is accelerated when the concrete Incompatibilities in chapter 4, False set is
temperature increases. temporary and can be worked through with continued

mixing, but flash set means that the mixture will have

Set-accelerating and retarding chemical to be discarded.

admixtures in the mixture can control set

Comments \{\ Attachments

nme.

Factors Affecting Setting

A number of factors affect concrete setting time:

Setting affects the time available for
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Mix Expert Module

“Y Untitled * - COMPASS
File Edit Help

Mew Open Close Save Prnt Cut Copy  Pazte

Mix Expert
7~

p Gereral |nformation ._'_ Iy ] 4
I ‘;‘15;:;2'; Info ‘Water - [ Aggregate - 2 SCh-11 Admixturgs—HT—"=
I» Loczation
» Climate
|»  Exposure
4l Performance Criteria Use Type lll cement in cold weather. N\ghaw Detalls Cements for mix design must conform to | [\§how Details

I Awailable Materialz ASTM C 150, ASTHM C 595, or ASTM C
0 Materials Advice ength 1157,

Type lll cement helps concrete gain
strength faster in cold weather.

IP cements can increase ultimate W
strengths.

Recommerided Materials Materials 40 use with caution
Time gf/Setting Specifig@tion

IS cements can increase ultimate Show Detai ‘|
strengths.

Type lll cement produces early strength Show Deté
in concrete.

Permeability
Use of IS cement decreases concrete A'
permeability.

Type IP cement reduces permeability. ﬂ
Alkali Silica Reaction (ASR) Susceptibility

Low alkali cements help reduce ASR m
potential.

P cements decrease concrete's Show Details
sbhgceptibility to ASR.

IS cemdats decrease concrete's Show Details

suceptibilit™NeASR.




Gradation Module

Mix Expert

i_reate New Projeck

Gradation

i_reate MNew Project

Proportioning

i_reate MNew Projeck

Optimization

i_reate Mew Project

Module purpose:

Optimize blending
of aggregates for:

Durability

Strength
(adequate not
max)

Workability, and
Cost




Gradation Module

e Models

e De Larrard
e Dewar
e Toufar

* Plots
o Coarseness factor chart
 Power 0.45 chart
e Percent Retained (8-18 chart)




Gradation Module

“V Binary * - COMPASS
Fil= Edit Help

b & 2 | &

Mew Open  Cloze Save  Print

Gradation [] Use Custom Proportions

\»  General Information todel Toufar
| Aggregates
H Analysis

G10 {Intermediate)

Froportiohs as Percentage of Mass

Aggregate
G10 [Intermediate]
G20 [Coarze]

Sand 1 [Fine) G20 (Coarse) Sand 1 (Fine

Woids Hatio | Pa b P etained F'u:uwer Char

0.075 [# 200)
0,150 (# 100
0,300 [# 50)
0.600 [# 30]
1.180 [# 16]
2,360 [# 8]
5000
10000
14000
20000
37500

Percent Passing




Proportioning Module

Mix Expert

i_reate New Projeck

Gradation

i_reate MNew Project

Proportioning

i_reate MNew Projeck

Optimization

i_reate Mew Project

Module purpose:

Allow user to create
a mix design
based on user-
defined criteria.
(ACI 211)




Proportioning Module




Proportioning Module

Pro po rionin g Characteristics based on conditions

p General Irfo Requirement Walue | Unit

I Wi Design Criteria Design 28-day Compressive Shength 5200 psi [ Account for Moisture
. W aterials Design Air Cantent 5.0 %

[p Aogoregates Design Slump 2 inches Batch Size [yard] 1.00 | yardf
| Cementitous M awimurn Agarenate Size (.75 inches (19 mm) -
L Analysiz W ater to Cement Ratio 033 Mix Adjustment Type

2 Initial Mix Propartions whater to Cementitious Hatia 038
[ Water Adjustments Paste Content 793 &
o tortar Content 18,72 & LCerment (b

Fine to Coarse Aggregate Ratio 0.45

Design Yield 141 bAE

bix Aduztments

" ater to Cementitious B atio

3 ‘water

[ Cement

[ Coarze Agaregate
3 Fine Agaregate
[ Air

{ \ Yolumetnc [%]
[

Recommended Mis Propartions [S50)

tix Component Mazs [IbdudF) Wolume [fF] Wolume [%)
water 2682 430 189
Cement 714.0 363 134
Coarse Aggregate 19578 11.88 44.0
Fine Aggregate 8733 .84 216
dir {EN 1.35 50
Total 38193 27.00 100.0




Optimization Module

Mix Expert

i_teakte New Project

Gradation

i_reate Mew Project

Proportioning

i_reate Mew Project

Optimization

Module purpose:

To create a list of
alternative mix
designs that meet
Job-specific
criteria.

Based on FHWA
and NIST's COST
software




Optimization

Create Trial Batches...

> Optimization1 example - COMPASS

Fil= Edit Help
b & &
Mew Open Cloze
Optimization

I General Infarmation
= Trizal Batches

= bix Optimization
»  Mix Design Criteria
59 Batching
W Desrability
G Analysis

Cut

Q

y

Yolumetnc [%)

1 Air Content
[ Fine&ag
[ Coarse Agg
[ Cement
3 “water

Batch 1D 1

Wiew Gravimetric

Factar

wi ATk R atio
Coarze Aga
Fine Agg

Air Content

Uit

22 Wolume
2 Wolume

3 Walume

Batch ID

L Rt R S R S R L

PRI (WYY Q) T (Y I Y (Y QY Y
[ u i B R ey Ry R PUR N R e R ]

[~
=

‘Water [lbdwdF]
2631
28E.9
25E.9
25869
2795
2866
2871
287.0
2807
251.9
2780
28E.9
2734
2617
2332
234.4
2BE.9
286.9
2274
2389

Cement [lbdwd] Coarze Aagg [IbAycF]

701.9
7039
¥03.9
703.9
7ES.E
7224
EB5.9
7E5.8
FOE.0
718.7
753.3
703.9
7es.2
£83.8
E22.0
B422
7039
703.9
E40.2
E54.5

21781
22627
228927
22527
21330
21781
23274
21781
2.327.4
22527
22527
22527
21781
22827
23274
2,366.5
22527
22527
2.327.4
22527

Fine &gg [IbAwd)
8324
ks
FEAT
FEAF
FELF
8324
F14.0
F14.0
F14.0
FETF
E8Z.E
FELTF
F14.0
LEEr
8334
FETF
Erchs
FETF
8354
964.7

Total (Ib/ycF]
39765
3,987.2
3.987.2
3,987.2
3,957.7
3.990.5
3,994.4
3.944.9
3,898.1
3.995.0
39635
3.987.2
3,960.2
39769
4,015.9
4,016.7
3,987.2
3.987.2
4,025.4
4,010.8

Total Cost [$/edF)]

44.04
44.20
44.20
44.20
45.80
44.30
4363
4569
44.37
44.79
45.48
44.20
4E.51
4364
41.98
4260
44.20
44.20
42.E5
42.92




Optimization Module

Identify Criteria for optimization...

*) Optimization1 example - COMPASS
Fil= Edit Help

D & & = % B B

Mew Open Cloze FPrint  Cut  Copy  Pazte

Dp’[imiza’[inn Mame Source

[ General Information 28-day Compressive Strength Wirtuial B atching

= Trial Batches Slump Yirtual B atching

I Materialz

S Analyziz
= i Optirmization

Mix Design Critenia

5 Batching

b Dezirability

H Analyziz

Mew... || Remove |

Source irtual B atching >

b aximumn Aggregate Size 1.5 inches [37.5 mm)]




Optimization Module

Identify Criteria for optimization...

> Optimization1 example - COMPASS

File Edit

=

Mew Open Cloze

Help

Optimization

= v B B

Print Cut  Copy

I General Infarmation

=2 Trial Batches

P Materials

'q'lgi Analpziz
= Mix Optirmization

»  Mix Design Criteria

i atching

W Desrability

q'w Analvziz

Paste

L RN R ) R R PR SR

/ST (WY R (TR (Y Y
M = L R =D W

4

Slump [inches]
25
2.2
22
22
4.4
21
22
5.6
1.8
1.8
38
22
45
25
1.0
1.1

28-day Cormpressive Stre

1IU 1I1
Batch ID




Optimization Module

Assign Desirability and Importance...

) Optimization1 example - COMPASS
File Edit Help

l @ & B & % B B

N:w Open  Close © Print  Cut Copy Paste

Optimization Slume | 28-day Compressive Strength
| General Information < e

=] Trial Batches
I Matenals

D Arlsis Mumber of Pairits
q

(= Mix Optimization Value (inches)
| Mix Design Criteria

0o

1.0

25

40

g0

U Andlysis

Desirability

Slump (inches)

L/




Optimization Module

Analyze for List of Alternate Optimized Mixes ...
“) Optimization1 example - COMPASS

File Edit Help

d & &

HMew Open Close

Optimization

]
Print

b General lnfarmation
= Tnal Batches
[ Matenals
.;juil Analysis

= iz Optirization
[ i Des=ign Criteria
J@ Batching
pr Desirability
.;juil Analyzis

P B B

Cut  Copy Paste

c_ﬁ_ptimize |D

Pz 1D
14
s
56
26
a0
239
93
45
72

1

Slump [inches)
25
25
25
2B
2B
2.4
2.4
2B
2E
2B

23-day Compressive Strength [psi)
4,326
4,399
4,464
4.4
4.40M
4,376
4,376
4,327
4413
4.403




Summary
COMPASS consists of 4 modules

Mix Expert - first cut of material choices

Gradation - optimize aggregate blends for best
packing

Proportioning - make initial attempts at mix

designs

Optimization - find the best alternatives for
specific criteria

The four modules can work as stand alone tools.
Used together, make a powerful optimization
system.




‘h' "OMPASS

You can download the F REE unofficial version of
COMPASS:

www.PCCmix.com

Sabrina Garber: sgarber@thetranstecgroup.com
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