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BACKGROUND:
Portland Cement (PC) Impact

• 109 million tons produced in US/year

• 3 million tons used in NY/year

• 9.5 million tons used in CA/year

• Cement industry accounts for 5-8 % of total global
energy consumption

• The energy used for production of cement accounts
for more than 90% of energy required to produce
concrete

• Per EPA, 1 ton of production results in 0.88 tons
CO2

Conventional concrete
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CEMENT’S DISPROPORTIONATE IMPACTS
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The cement industry's CO2 emissions were more than all 
the trucks on the road in 2017



SUPPLEMENTARY CEMENTITIOUS MATERIALS (SCMS)

Portland Cement Association

Fly ash class F (residue from burning coal)
Fly ash class C (residue from burning coal)
Slag (residue from steel production)
Metakaolin (Calcined clay)
Silica Fume 
Calcined shale
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• High Performance Concrete (HPC) 
reduces usage of PC by adding 
SCMs 

• HPC has improved mechanical and 
durability properties and decreased 
maintenance cost

Is HPC necessarily sustainable ? 

http://www.cement.org/cement-concrete-basics/concrete-materials/supplementary-cementing-materials
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PROBLEMS AND NEW SOLUTIONS

• Inconsistent fly ash supply
• Inconsistent Slag supply Problems

There is a need for a new SCM 
product: 
• Economic
• Sustainable
• Good performance

What can be done?
10 https://chemicalleasing-toolkit.org/node/64

https://chemicalleasing-toolkit.org/node/64
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A NEW  SCM GROUND-GLASS POZZOLAN  
• Disadvantages 

• Consistency in a cleaning process of a 
feed stock

• Not enough supply comparing to 
demand

• Not clearly established standards

• Advantages

• Environmentally friendly 
• Diverts glass from landfill
• Supports local economy
• Contributes to LEED & green initiatives
• Contains no harmful heavy metals
• Energy Efficient
• Reduces need for virgin mined materials
• GP can be used in cold weather, and in 

pre-cast and pre-stressed concrete

Performance of concrete with GGP ?
13



RESEARCH ORGANIZATION AND APPROACH

Macrostructure testing evaluations

Field applications + ASTM standard 
specifications approval

Microstructure testing evaluations 

Phase 1

Phase 2

Phase 3

Scale 1

Scale 2

Scale 3
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Cub ft

cub yd

lb
Phase 1 Phase 2 Phase 3
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GENERAL CONTRIBUTIONS

• Concrete industry

• Solid waste management industry 

• Large-scale field application projects

• Development of ASTM guideline (C-1866) and standard 
specifications for ground-glass  pozzolan as SCM in concrete

• Development of DDC NYC standard specifications for using GGP in 
sidewalks in NYC
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PARTICLE SIZE DISTRIBUTION (PSD)

CM GP FA S

Volume: % 1.0 1.0 1.0 1.0

Mean: μm 19.8 11.8 25.9 13.9

Median: μm 14.2 10.0 14.9 11.3
S.D.: μm 19.1 8.4 34.2 10.7
d10: μm 2.9 2.3 3.3 2.1
d50: μm 14.2 10.0 14.9 11.3
d90: μm 45.7 24.2 65.4 30.0

Table 3.1 Particle size distribution of raw materialsFigure 3.1 Particle size distribution (PSD)

• Characterization of raw materials is important
• Physical and chemical properties of raw materials directly affect properties of 

cement paste and concrete   
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Chemical composition Glass 
pozzolan
(GP)

Fly ash class F
(FA)

Slag
(S)

Portland cement
(PC)

SiO2, % 72.5 47.58 38.00 20.2
Na2O, % 13.7 1.5 0.32 0.19
CaO, % 9.7 5.54 39.84 61.9
Al2O3, % 0.4 26.42 7.52 4.7
MgO, % 3.3 0.9 10.54 2.6
K2O, % 0.1 1.9 0.38 0.82

Fe2O3, % 0.2 12.19 0.31 3.0
SO3, % 0.1 1.08 0.16 3.9

Total alkalis Na2O + 
0.658K2O, %

13.77 2.75 0.6 0.73

LOI, % 0.4 2.5 1.2 1.5

Table 3.2 Chemical composition of raw materials from XRF analysis19

CHEMICAL COMPOSITION OF RAW MATEIRALS



TERNARY PLOT OF SCMS

https://www.concrete.org/publications/internationalconcreteabstractsportal.aspx?m=details&ID=5172929620



MIXTURE DESIGNS
Ingredients CM G20 FA30 G30 S40 G40

Cement type I/II, lb/yd3 (kg/m3) 575 (341.1) 460 272.9) 400 (237.3) 400 (237.3) 345 (204.7) 345 (204.7)

Glass pozzolan, lb/yd3 (kg/m3) — 115 (68.2) — 175 (103.8) — 230 (136.5)

Class F fly ash, lb/yd3 (kg/m3) — — 175 (103.8) — — —

Slag, lb/yd3 (kg/m3) — — — — 230 (136.5) —

Coarse aggregate lb/yd3 

(kg/m3)
2015 (1195.5) 2010 (1192.5) 1974 (1171.1) 2000 (1186.5) 2015 (1195.5) 2000 (1186.5) 

Fine aggregate, lb/yd3 (kg/m3) 1079 (640.1) 1064 (631.2) 1063 (630.7) 1063 (630.7) 1065 (631.8) 1061 (629.5) 

Water content, lb/yd3 (kg/m3) 233 (138.2) 233 (138.2) 234 (138.8) 235 (139.4) 236 (140) 237 (140.6) 

Water-reducing admixture, 
oz/yd3 (mL/m3)

17 (660) 18 (695) 19 (735) 20 (775) 21 (815) 22 (850) 

Air-entraining admixture, oz/yd3 

(mL/m3)
16 (620) 17 (660) 29.7 (1150) 19 (735) 20 (775) 21 (810) 

Water-cement ratio (w/c) 0.4 0.4 0.4 0.4 0.4 0.4 

Slump, in. (cm) 4.5 (11.5) 4 (10) 4 (10) 4 (10) 4.5 (11.5) 4 (10) 
Air content, % 5.9 5.2 5.6 5.2 6.2 5.8 

Temperature, °F (°C) 75 (24) 75 (24) 78 (26) 73 (23) 72 (22) 72 (22)
21
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COMPRESSIVE STRENGTH
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FREEZE-THAW RESISTANCE

CM G-20 FA-30 G-30 S-40 G-40
Durability 
factor 0.897 0.920 0.909 0.934 0.939 0.943
Mass Loss 
% 1.580 0.750 1.010 0.600 0.560 0.520
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CM FA-30 S-40 G-40 G-20G-30



RAPID CHLORIDE PERMEABILITY (RCP)

Mix
Designs

RCP in Coulombs
28 days 56 days 90 days

CM 2027 1955 1617
S-40 1471 1233 1100
G-40 670 382 282
FA-30 1486 915 500
G-30 1002 533 436
G-20 1231 657 456

Charge passed 
(coulombs)

Chloride Ion 
Penetrability

> 4000 High
2000 - 4000 Moderate
1000 - 2000 Low
100 - 1000 Very Low

< 100 Negligible
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ALKALI-SILICA REACTION (ASR) ASTM C1293
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SULFATE RESISTANCE 

ALKALI-SILICA REACTION 
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AIR-VOID ANALYSIS AND EVALUATION OF MICRO-CRACKS 
WITH MICRO COMPUTED TOMOGRAPHY (MICRO CT)

Figure 7.6. Approach 1 – Downsized linear traversed method (2-D)

Figure 7.7. Approach 2- Threshold method of entire stack (3-D) 
29



a)  CM 

b)  G - 20 

c)  FA - 30 

d)  G-30

e) S - 40

f) G - 40

Figure 7.15
Micrographs 

for micro 
cracking 

analysis at 
1000 FT 
cycles
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a) CM

b) G - 20

c) FA - 30

d) G - 30

e) S - 40

f) G - 40

Figure 7.16 
Micrographs of 

concretes for air void 
analysis not exposed 

to FT
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% CM G-20 G-30 G-40 S-40 FA-30
Air voids - traverse method (2D) 2.99 2.34 2.48 4.31 5.40 2.38

Air voids – threshold (3D) 2.91 1.06 2.21 3.9 4.46 1.76
Air content – air-pressure (fresh) 5.9 5.2 5.2 5.8 6.2 5.6

Table 7.3 Summary of air voids content obtained with different methods

Figure 7.18 Comparison of different methods for air void content

CM G-20 G-30 G-40 S-40 FA-30

α (1/mm) 11.88 20.66 24.24 23.78 26.17 21.33

P  % 20.730 20.82 20.91 21.00 20.87 21.00

A  % 2.99 2.34 2.48 4.31 5.40 2.38
R 6.93 8.92 8.44 4.87 3.86 8.83
L (mm) 0.452 0.292 0.242 0.192 0.148 0.281

32

Table 7.4 Air void parameters for all concretes
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RESEARCH DESIGN AND APPROACH

• Performing slump/spread, air content, and setting time tests 
on fresh concrete (in lab and in the field) to determine :

• Workability
• Pump-ability
• Placing
• Finishing

• Installation of Maturity Sensors in both field concrete and 
cylinder samples to develop strength-prediction curves.

• Testing of mechanical properties
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SIGNIFICANT CONTRIBUTIONS
• Field application projects for sidewalk and building construction:

• Sidewalk construction in Jamaica, Queens, in collaboration with NYC-DDC

• Complex of five twenty-three story residential buildings in Halletts Point -
Queens, as part of a collaboration with Durst Organization sponsored by Building 
Products Ecosystems

• Parking lot at Queens Borough Hall in collaboration with NYC-DDC

• Google campus in California

• Facebook campus in California- renovation

• Development of ASTM standard specifications for ground-glass 
pozzolan ASTM C1866
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36 Figure 9.1.-Sidewalk for G20 and G40 - Jamaica, Queens, NY, May 2016

SIDEWALK CONSTRUCTION

Control 3200 psi

G-40

G-40 G-20

Jamaica, Queens DDC, May 2016 - Placing G20 concrete 
developed and tested by CCNY



Field Mix Designs G-20 T-1 G-20 T-2 G-40 T-1 G-40 T-2
Control Mix 

3200 psi-
FA30 

Cement , lb/yd3 457 461 345 345 400
GP, lb/yd3 115 115 230 230 0

Fly Ash, lb/yd3 0 0 0 0 162
# 57, lb/yd3 1935 1935 1955 1960 1940
Sand, lb/yd3 1250 1255 1200 1205 1255
Water. Gal 23.6 23.6 23.5 23.5 25.6

Water lb. , lb/yd3 196.95 196.95 196.12 196.12 213.64

SIKAMENT 686
16.8 

oz/cyd
22.4 

oz/cyd
16.8 

oz/cyd
22.4 

oz/cyd 19.2

SIKA AER
1.2 

oz/cyd 1 oz/cyd
0.6 

oz/cyd
0.6 

oz/cyd 7 oz/cyd
Air % 7 7 6.5 7 7

Slump (in) 2.5 4.5 2.75 5 4
w/c 0.344 0.342 0.341 0.341 0.38
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SIDEWALK CONSTRUCTION

Fresh properties G-20 
T-1

G-40 
T-1

FA-30  
T-1

G-20 
T-2

G-40 
T-2

FA-30 T-
2

Slump         in 2.5 2.75 4 4.5 5 4 
Air content      % 7 6.5 7 7 7 7

Table 9.1. Actual mix designs used for 
the Sidewalk in South Jamaica, Queens

Table 9. 2. Fresh properties of concrete Figure 9.4. Compressive strength for G-20 and G-40



PREDICTING COMPRESSIVE STRENGTH BY 
MATURITY METHOD

38

Figure 9.5. Predicted strength by maturity curve for each truck 
for G-20

Figure 9.6. Predicted strength by maturity curve for each truck 
for G-40



HALLETTS POINT COMPLEX– RESIDENTIAL 
BUILDING

Self-consolidating concrete 8,000 psi (55 MPa) with 35% cement replacement by GP

Halletts Point 1 Project- Slabs, Columns and Walls
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HALLETTS POINT 1 - SLABS, COLUMNS AND WALL

Parapet wall at 8th floor and Bulkhead roof slab, 10,000 psi (~70 MPa) self-
consolidating concrete 
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COMPRESSIVE STRENGTH-8,000 PSI (55 MPA) AND 10,000 
PSI (70MPA) SELF-CONSOLIDATING CONCRETE

At 6 days At 27 days

Samples prepared in the field and tested in the lab
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PREDICTING COMPRESSIVE STRENGTH BY 
MATURITY METHOD
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CONCLUDING REMARKS
• This research contributed to macrostructure evaluation of 

concrete with GGP for mechanical and durability properties
• Significant contributions were provided for microstructure 

evaluations to corroborate the macroscale findings 
• Based on this research field projects were implemented for 

sidewalk and high-rise building constructions
• This research also contributed to the development of ASTM 

standard for GGP in concrete that were approved in 2019 
(ASTM C1866)
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CONCLUDING REMARKS

GGP meets ASTM standards
Test results show that GGP is superior to other SCMs (it shows 
significantly lower chloride permeability and linear shrinkage)
GGP does not cause ASR, and when it is used with highly 
reactive aggregate,  it suppresses expansion ~ 50%
GGP can effectively reduce use of cement in concrete up to 50%, 
and effectively reducing embodied CO2 in concrete
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THANK YOU FOR YOUR ATTENTION!

QUESTIONS AND SUGGESTIONS ARE WELCOME 


Marija Krstic:
Marija.Krstic@stonybrook.edu
mkrstic@ccny.cuny.edu

mailto:Marija.Krstic@stonybrook.edu
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