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Specifications

Performance vs.
Prescription
What's the difference??



Prescriptive vs. Performance Design

Performance:
| want a chocolate cake

VS.

Prescriptive:

| want a chocolate cake with:

e Gold Medal All Purpose Flour
* Organic cocoa powder

e 3] flour-to-cocoa ratio
* 1509 sugar




Prescriptive vs. Performance Design

Performance:
| want a 4000-psi concrete mix

VS.

Prescriptive: Cement
| want a 4000-psi concrete mix with: Warsey
e C150 Cement

« 0.40 w/cm ratio

« Maximum 20% fly ash




Prescriptive Specifications

Types:
1. Durability and Code-based
» ACI 318 Exposure Classes

2. Specific properties desired
» Crack control

» Finish quality
» Mechanical properties

> Plastic properties

Table 19.3.2.1—Requirements for concrete by exposure class (ACI 318-19)

E M Min ', Additi IR i t
Xposure ax[.m in f ¢ i |on.a equirements Limits on SCM
Class w/fem psi Air content
FO N/A 2500 N/A N/A
F1 0.55 3500 Table 19.3.1.1 (Table 19.3.3.3 for shotcrete) N/A
F2 0.45 4500 | Table 19.3.1.1 (Table 19.3.3.3 for shotcrete) N/A
F3 0.40 ¥ 5000 % | Table 19.3.1.1 (Table 19.3.3.3 for shotcrete) 26.4.2.2(b)
Cementitious materials ¥ - Types Calcium chloride
ASTM C150 ASTM C595 ASTM C1157 admixture
No t No t
S0 N/A 2500 v .\,r|?e No type restriction o ."F’e No restriction
restriction restriction
s1 0.50 4000 11 536 Types with (M3) MS No restriction
designation
52 0.45 4500 V@ Types with (HS) Hs Not permitted
designation
Types with (HS) HS plus
Opt. 1 0.45 4500 v plus pozzolar{lﬂ designation plus pozzolan pozzolan or Not permitted
or slag cement @ 6
S3 or slag cement slag cement
Types with (HS .
Opt.2 | 045 5000 v @ ypes with (HS) Hs Not permitted
designation
W0 N/A 2500 None
w1 N/A 2500 26.4.2.2(d)
W2 0.50 4000 26.4.2.2(d)
Maximum water-soluble chloride ion (CI7) content in .
- . 1o (9.10) Additional
concrete, percent by weight of cementitious materials L.
provisions
Nonprestressed concrete Prestressed concrete
Cco N/A 2500 1.00 0.06 Naone
Ccl N/A 2500 0.30 0.06 None
2 0.40 5000 0.15 0.06 Concrete cover Y




Examples of Prescriptive Requirements

A.  Cementitions Materials
1. Cement: Cements shall conform to ASTM C150, Type I or Type II.

1 I'\' L L e R L e R L R L R S S A L R L I'Ill‘il—"l.
Complete chemical and physical analysis of the fly ash shall be submitted to the
Architect prior to use. 'Concrete mixes proportioned with fly ash shall contain not less
than 10% nor more than 20% by weight of cement to fly ash.

%egregatién or bleeding. The cementitious materials content of
concrete shall be at least (675 pounds per cubic yard. Except that
concrete to be placed by tremie the cementitious materials content
shall be at least 725 pounds per cubic yard.

C.  Suspended Slabs, Interior Slabs-on-Grade : Proportion normal-weight concrete mixture

1. Minimum Compressive Strength: 4000 psi, at 28 days.
2. Maximum Water-Cementitious Materials Ratio: 0.35 with Air, .44 No Air.

e. MAXIMUM WATER-CEMENT RATIO UNLESS NOTED OTHERWISE:
[) INTERIOR SLABS =0.40
[I[) EXTERIOR SLABS =0.50

) OTHER =0.45



Common Prescriptive Requirements

Prescriptive Requirement Frequency Seen* | Sustainability

Restriction on SCM quantity 85%

Max w/cm (when not applicable) 73% J X4 ™
Minimum cementitious content 46% sl/ $ ’I‘
Restriction on SCM type, o

characteristics 27% ¥ v T
Restriction on aggregate type or 5% J PN )

characteristics

* ACl survey



Concrete Strength and Embodied Carbon

Specified Strength ™ Embodied Carbon T

— Environmental W
f,C X:f! Product ( :
cr Declaration NRHCA

NRMCA MEMBER INDUSTRY-AVERAGE EPD FOR
READY MIXED CONCRETE

qi‘“m“&]

— ==

3000 4000 5000 6000
Compressive Strength, psi

Required Strength ™ Embodied Carbon T

Strength T 100 psi (0.7 MPa) GWP T ~1.5-2.0%



Impact of Prescriptive Specifications

Don’t Limit Ingredients!

Maximum w/cm ratio
Minimum cement content
Cementitious types

X X X X

Maximum SCM content

Exposure classification

Broad raw material acceptance
Alternative testing (shrinkage, etc.)

Later age strengths 3000 4000 5000 6000

Compressive Strength, psi

NSRNIENRN



Important Performance Attributes

1. Later Age Strength :
16:];— :
2. Strength and w/cm ratio g[14of sdays  _ | == =
. . %[ 120F N _EJE=- -
3. Permeability/Durability Zligofessssses ._..;@._i ]
L S sf - 0~ -
4. Maximizing SCMs S b = =
e F 7
5. Reducing Excessive o 40F |
20k Concrete cylinders
Overdesign b i
1 10 100 1000 10000

Age, days



Important Performance Attributes
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2. Strength and w/cm ratio
Overdesign

3. Permeability/Durability

1. Later Age Strength
4. Maximizing SCMs
5. Reducing Excessive

0.60 0.70 0.80 0.90
Water-cement Ratio

0.50

0.40



Important Performance Attributes

1. Later Age Strength

2. Strength and w/cm ratio
3. Permeability/Durability
4. Maximizing SCMs

5. Reducing Excessive

Overdesign

Compressive strength, MPa

——
F1,50,C1, Wo

F0,S0,CO, WO
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F0,80,C1, W1 —

Courtesy: Portland Cement Association
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Durability Exposure Classes for Concrete Members

Capillary porosity, %
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Important Performance Attributes

6000
1. Later Age St rength Z 5000 v(:;alii;l‘)l(;SSlag o
; 2 1000
2. Strength and w/cm ratio 2 — =
» 3000 S
3. Permeability/Durability 2000 Z —Portland Cement
g / —40% Slag
5 1000
4. Maximizing SCMs . —50%Slag
0 5 10 15 20 25 30
. . 9000 Age, days
5. Reduci Ng Excessive 8000 | Cementitious Content
470 Ib./cu.yd.
Overdesign 7000 1 (jass C Fly Ash
6000 | (ALd
5000 B (C)
4000 - ( )
3000 1 (A) 100% Cement
2000 1 (B) 20% Fly Ash
1000 1 (C) 30% Fly Ash
0 r T

o 1 3 7 28 56 180



Important Performance Attributes

1. Later Age Strength

2. Strength and w/cm ratio

3. Permeability/Durability

Average 28-day
strength v (psi)

2 = -] !
g === fo=1F

4. Maximizing SCMs For = Fo + 1200
0 I I I I I
. . 3000 4000 5000
5. Reducing Excessive Specified strength f'c (psi)
. S ] 1204
Overdesign = ,Z F=3000 psi
S3 1004 . = 4000 psi
@ 8"‘ 80 —o— f=5000 psi B
uE,g’ L
CSHub Ig(l)TNCRETE Q CONCRETE Q ‘B‘ 60 o
SUSTAINABILITY ADVANCEMENT g g 40
e $® FOUNDATION g | 4
/ & e 20-:
CSHUb.mit.edu O 0% a0% 60%  80% 100% 120%

Overdesign




Performance Alternatives

Summary of Performance Alternatives

ﬁme nfs {wava nemea Depews Eonnechions

ENGINEERING:

ASTM €672 Visual rating less than or equal to 2. Note that this test is SpeCfﬂ/mg for Performance
Fs SCM Iilnits (ACI 318} o 3 = 5 Karihih Ola, Fh.O. P PACL HAMCA Vivs Prevmdent. Teshnival Servines amd
i not very repeatable or necessarily representative of field performance. S T
T sz
§1, 82, S3 Cementitious types ASTM C1012 expansion criteria (ACI 318-14 Table 26.4.2.2(c) i ey =iy by e _
mn'ﬂlﬁmwmn&mlh G ey 3
ASTM C1202 less than: | | == : , : :
WI,C2 W}‘Cm (ACI 318) 2500 cuujombs (.fDI Wl) ..‘l-‘ul.‘lr‘-::—l,:_l.l ‘III}:‘-IM' < i1 Lt
1000 coulombs (for C2) ST
Al il Tlea s Low alkali cement, SCM typesand | ASTM C1567 using combination of cementitious materials used in the E&%ﬁ?‘:‘:&?‘:‘é s 1] M
#otica Reaction dosages, alkali content of concrete project — length change less than 0.10% at 16 days e DRI RS ——
Shrinkage (W1, C2, / ASTM CI157 (7 days lime water curing and dried for 28 days — length
wlem
Concrete Floors) change less than 0.05% e e
erpre o {2 Ry 1o the drfimnmn o plaen s ia AL 1AL
o SE Shrinkage — see above R e =
Concrete Floors btk | sk cemcr[;;.cunfte;: ' ASTM C403 initial setting time (contractor requirement)
i e e Test slab placement to ensure desired workability, finishability b




Spec Review: Performance Based Improvements

¢.  NO CALCIUM CHLCRIDE IS MNCRE

d. SUPER PLASTICIZERS AND WATER REDUCERS ARE ALLOWED BUT I B. Cementitions Materials:

O UNLESS NOTED OTHERWISE:

Consider explicitly communicating 56 day strength option

- € ) 1. Portland Cement: ASTM C150 Type 1l ~ Brandon Wray
when applicable or even leaving the age figure off. Note 'I' is 1) INTERIOR SLABS = 0.40 2. Blended hydraulic cement: ASTM C595 ¥¥  Added 10 broaden the acceptance of industry
somewhat vague and you'll most likely still get 28 day 1) EXTERIOR SLABS = 0.50 3. Hydraulic cement: ASTM C1157 standardized marerials.
concrete based on the fact that 28 days is listed in the 4. Fly ash or natural pozzolan: ASTM C613/C613M
1) OTHER =045 5.

Slag cement: ASTM C989/CO8OM
&, Silica Fume: ASTM C1240VC 1 240M
Ground Glass Pozzolan: ASTM C1866/C1866M|

heading. Can possibly extend age for footings, walls,
columns, SOG, topping, etc. Will dramatically improve
sustainability.

E ADDITION OF SUPER PLASTICIZEF
THE TRUCK OR IF PUMPED, SLUMP SHALL BE MEASURED AT THE Eb

-

g. CONCRETE CONTRACTOR SHALL BE RESPONSIBLE FOR THE SLUMP = Brandon Wray

SECTION AND THE SPECIFICATIONS. WP Consider removing fem as previously set

sustinability ganls will emeourage SCM usage SCM
h___ MINIMUM CONCRETE PURPOSES INCLUDED BELOW ARE THOSE REC strategies and capabilities will producer,
TOR TO DEFINE CONSTRUCTION REQUIREMENTS rexion and progect/sile conditions.
OR OTHER), WORKAN . ILITY, 2, Agglegale ('u.lm aggregate size number in accordance with ASTM C33 for

MIN 28-DAY MAX . Coarse size fin inches for lightweight aggregates.
STRENGTH AGGREGA
= _ [ TSl A oIE 3. Slump: anmp tolerance slmu]d follow the requirements of ASTM C94, Table AlL . ‘:!’ sr,ndon.w“, )
Remove w/cm requirement 4. Other Requirements (apply only as noted in Schedule of Concrete Mixes): - TP When shriskage lmits are aceded, st design Tt
to dramatically improve MISC EXTERIOR CONRETE C 000 3 @ [Cementitious material shall contain a minimum 20-35 pereent fly-ash.! and allow producer to proportion mix accordingly to
amatically impl FOOTINGS ¥ 4000 i b = = g achieve. Typical low shrmk ranges: 0.050%, 0.043%,
sustainability WALLS (INTERIOR) Y 5000 )] : it o e b ibitas it 0,040%, and 0.035%
COLUMNS (INTERIOR) 5000 B
SUSPENDED SLABSEEANS }' 2000 P’ ¢ [Water (.emcul R.lmo Mix shall have a water to cementitious matenal ratio by
SLAE ON GRADE 14 2000 »ugf::dnuf:xmdmg 0.40 for slab-on-grade and 0.45 for walls when specified B iaindon Wray
|EXTERICR SLABS ¥ 4500 AECRET #F  Limit should only be preseribed when required by
|EXTERIOR CONCRETE (OTHER) \ =] expostre class of concrete s dictated m ACE 318
TOPPING SLAB (INTERIOR) { 4500 B Table 19.3.1.1 {conditions) and Table 19.3.2.1
(requirements). 0,40 wicm ratio is only requised for
sure and frecze thaw exposure.
T S o e [ 1) DATES OF ACCEPTANCE WILL BE DE ON CONTR! pig il )
g FINAL PROJECT ACCEPTANCE CRITERIA, TRIAL BATCHES SALL REF imgaict sonainabiiry
w/cm requirement? (i.e., CONCRETE STRENGTHS N
o U
0.045% or 0.050%, elc.) 5. MIX DESIGN DOCUMENTATION SHALL BE SUBMITTED, PER ACI 318, TO TH
PROPOSED MATERIALS AND CONCRETE MIX DESIGN SHALL BE FULLY DC
CONCRETE

1. Al concrete shall have a mini ultimate cor ive strength (') as outlined below at
28 days. All concrete shall be regular weight (unless specifically noted othgfilse

A Concrete for caissons, footings, and slab on grade: 3,000 psi

Onily for ACI 318
51 exposure
Maﬂmum F!\r Ash cantent shall be 15%, by welght, &f total cementitious and sha

M CH18 < [Co not Bmit STM content
(Only code-based SCM limit
3. All concrete work shall comply with CBC Chapter 19A and ACI 318-14 and latest edition of |/5f0r ACI 318 F3 exposure

ACI Manual of Concrete Practice.

B. Cementilious Materials: Expand cementibous matenals

Portland ASTM C 150/C 150M, Type IV, gray. Blended Cements ASTM C595
Fly Ash: ASTM C 618, Class F.

1;
2,

Slag Cement ASTM 989
4, Special Inspectiop

5. Cement shall bgi®



Performance-Focused Mix Table

. Max. Suggested
Application Strength (psi) Eagzz:;e Mfi:r(;;"n:m Aggregate | GWP Target | Notes
Size (in) (kg/CO?elyd)
Footings, Grade | 4000 @ 56 days | s2 0.45 1172 1
eams
Foundation
Walls 5000 @ 56 days S2 0.45 1 1
Shear Walls,
Columns 6000 @ 56 days 1
Slabs-on-grade || 4000 @ 28 days 1-1/2 3
Elevated Post- | 000 @ 4 days 3
Tensioned Slabs | 5000 @ 28 days
All other uses 4000 3/4
REQUIRED Weighted Average GWP (kg/CQOZ%/yd) XXX 4

A. Notes:

1. S2 exposure classification requires the use of sulfate resistant cement, C150 Type II/V or
C595/C1157 with HS designation.

2. C2 exposure classification requirement of 0.40 w/cm can be overridden with rapid chloride
permeability values less than 1000 coulombs as tested per ASTM C1202.

3. ASTM C157 shrinkage requirement of 0.050% after 7 days of moist curing followed by 21
days of air drying.

4. Required weighted average GWP is taken across all concrete mix classes and their individual
volumes, allowing suggested GWP to be exceeded for certain applications as long as overall
GWP is achieved.




Performance Based Improvements

Goal:

Prescription ‘ Performance Guide to Improving  ENGINEE] ;"ﬁ ‘
Specifications for fyin rformance

Methods: gy Miaeu Conarste =

» Emphasize ACI 318 Exposure Classes
> Alt testing for durability/design
v Shrinkage, MOE, RCP, ASR
» Expand acceptable materials
» Extended strength development

Results: N [
» Efficient and Optimized Mix Designs Pl LAl R

. ' REDUCE CONCRETE’S
» Optimal cost and performance ' CARBON FOOTPRINT




The Impact of Prescriptive Specs

ié 3’1- . j ROAE Designed:
v%‘f & ,3; % «:%" « 2500 psi
PR “‘"‘"’“ e e « Estimated GWP: 135 kg/CO2e/yd
STRUCTURAL ENGINEERS
v R o | N | CE— C/ Prescriptive additions:
CONCRETE e +500 psi
Concrete strength: 3000 psi @ 28 days (Designed for 2500 psi) + 5.7 sacks cement per yard

e 0.43wW/cm

Minimum cement content: 5.7 sacks per yard
« C150 Type II/V only

Maximum water-cement ratio: 0.43 - max water to cement ratio

Installed:
Concrete materials: e 5000 psi

: Portl T Il, ASTM ; .
a) Cement: Portland Type I, ASTM C150 . Estimated GWP: 358 kg/CO2e/yd

+200% Overdesign +265% Carbon +++ Cost

Post-Mortem Quote: “Concrete is expensive and high carbon!”



The Value of Performance Specs

Prescriptive Mixes:

Foundations 5000 psi @ 28 days 0.40 w/cm, 30% max SCM

. 0.45 w/cm, 611 lbs
2 Slabs 4000 psi @ 28 days cementitious, 20% max SCM 247 307 -
. 0.45 w/cm, C150 Cement,
3 Columns/Walls 6000 psi @ 28 days 30% i SCM 306 293 -4.2%

Performance Focused Mixes:

M Apiicaion mm

Foundations 5000 psi @ 56 days Exposure S2 (0.45 w/cm)

2 Slabs 4000 psi @ 28 days Max Shrinkage 0.045% 247 206 -

3 Columns/Walls 6000 psi @ 56 days None 306 220 -28.1%



How does your firm manage project What checks and balances can be
specifications? How are they reviewed and implemented to ensure efficient and
updated? constructible specifications?

How can you achieve low carbon concrete
without prescriptively impacting mix
designs? (i.e., must use xx% SCM)

In what ways can risk be mitigated and
alignment with code be ensured?
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