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Lightweight Aggregates

— * Advantages

= Weight reduction

= Fire resistance

* Thermal 1nsulation
= Sound 1nsulation

" [nternal curing
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Lightweight Aggregates

* Considerations for Mixing Process
* Highly absorptive aggregates (requires
72 hr of presoaking, 24 hr draining,
ASTM C127/C128)

* Adjustment for free water content on
day of mixing




ACI 318-14

Lightweight Aggregates e smmion o

Concretz Composition of aggregates L

: : Fine: ASTM C330 -
All-lightweight Coarse- ASTM C330 0.75

| Fine: nati STM
Lishtweight. fine Fine: Combination of ASTM

[ ACI 3 1 8- 1 9 DeSign PrOViSions blend Eo;::c%a';?\i{;”u 0.75 to 0.85M

Fine: ASTM C33

. . . Sand-lightweight Coarse: ASTM C330 0.85
= Reduction factor (Lambda) for design with T faeasnics -
lightweight concrete on properties governed by coarseblend | O e |
tensile, shear, and bond behavior Nomatweight | % :
= Updated 1in 2019 to be a function of
equilibrium density ACI 318-19 Table 19.2.4.1 (a)
w,, Ib/ft3 (kg/m?) A
< 100 (1600) 0.75
100 < w, < 135 0.0075w, (0.00047w,) < 1.0
(1600 < w, < 2160)
> 135 (2160) 1.0
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Research Need and Pilot Program

= Research Need

= TMS 402-22, allows lightweight aggregate to be used in the production of
concrete masonry units (CMU), 1t does not allow lightweight aggregate to be used
for grout

= Pilot Program Objective

* Conduct a small number of assessment tests across a variety of specimen types to
quantify differences in performance between lightweight and normal weight grout
and propose a preliminary lambda factor for lightweight grout.
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Trial Mix Designs

Mix Designs to Meet Vol JU——
H olume
Volume Requirement Proportion | Table 1 ECI | EC2 | ES1 | ES2
ASTM C476 4.2.1.1
cement 1 1 1 1 1
-Segregation observed
-Quality mixes were not fine 2.25-3 2.25 225 | 225 2.25
obtained even after the use of aggregates
superplasticizers and
Viscosity Modifying
Admixtures (VMAS) coarse 1-2 1 1 1 I
aggregates
-Minimum compressive
strength criteria (2000 psi)
fulfilled for expanded clay 28-day >2 2.43 2.45 1.44 1.12
grout only compressive
strength, (ksi
(MPa)) (>14) (16.75) | (16.89) | (9.93) (7.72)
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Trial Mix Designs

Mix Designs to Meet
Volume Requirement

ASTM C476 4.2.1.1
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-Segregation observed

-Quality mixes were not
obtained even after the use of
superplasticizers and
Viscosity Modifying
Admixtures (VMAS)

-Minimum compressive
strength criteria (2000 psi)
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Trial Mix Designs

Mix Designs to Meet Strength Requirement

ASTM C476 4.2.1.2

By Concrete Mix Design: By Hand Batching:

-Vo!ume proportion - Volume proportion
(cement:fines:coarse): 1:1.08:1 (cement:fines:coarse) 1:1.77:0.79

-No segregation -No segregation

-Minimum compressive strength -Minimum compressive strength criteria
criteria fulfilled fulfilled

-Richer and less economical mix -Leaner and economical mix

- Used for anchor bolt tests and -Used for diagonal tensile strength
modulus of rupture tests tests and lap splice tests
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Implications for ASTM C476

* Recommend a separate section in the ASTM C476 standard for LW
grout that does not reference the volume proportions of ASTM C476
Table 1 may be merited, in a manner similar to self-consolidating
grout.

* Future work: develop a formal mix design procedure for lightweight
grout




Anchor Bolt Testing

Tensile Test:

» Tests conducted in compliance with ASTM
E488

" Six 24 in. X 24 1n. walls for Expanded Clay
(EC) grout and Expanded Slate (ES) grout
each

= 3/4 1n. L bolts used
= Around 15/16 in. holes drilled bisymmetrically £
= 3,125 in. embedment depth

=
-

Section at X-X




Anchor Bolt Testing

ﬁ = Anchor bolt pull out

=1.5f"_e,d,+300n(l,+e,+d,)d, (Ibf,

pecimen Design (TMS 402-16):

.Banp
in.)

4 ” mm Masonry breakout

\S
« B,,,=4A Vf’,, (Ibf, in.)

N
t
—
1’ = Steel yielding

¢ B,,=A,f, (Ibf, in.)




Anchor Bolt Testing

Tensile Test Set Up: Typical Failure Pattern:




-
Anchor Bolt Testing

Tensile Test Results: 1:’ S
= Ratios presented use TMS 402-16 for F redicted 120 ;i 5 = 2
1.00 .‘.

* For the NW grout dataset [1], the specimens shown T 080
failed in masonry though the predicted failure mode _éo,ﬁo i
was bolt yielding and the ratios of tested to predicted

0.40

load (using f’ ) at failure were less than 1.0 for bar 0.20
1 1 0.00

diameters greater than or equal to 16 mm (5/8 1n.). 0 s as w s a as

= Significantly higher tensile capacity for the ES grout, Eeeiveaien il (I
: . . NW, McGinley (Phase IT) ® NW, McGinley (Phase ITI)

which was consistent with results of MOR tests. ®Expanded Clay f9) ~ MExpanded Slate (fg)
= All tested/predicted equivalent to or better than NW Figure 7- Fiestea/Fpredictea Vs Compressive

dataset

strength of grout, f; (MPa) for 19 mm anchor

bolt tensile test specimens.
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Anchor Bolt Testing

Shear Test:

» Tests conducted in compliance with ASTM
E488

" Six 24 in. X 24 1n. walls for Expanded Clay

(EC) grout and Expanded Slate (ES) grout
each

= 3/4 1n. L bolts used

= Around 15/16 1n. holes drilled at 3.25 1n.
distance from the top of the wall and
symmetric along vertical axis

= 3,125 in. embedment depth

i

O-/5" /
o~
////
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Anchor Bolt Testing

= Masonry breakout

B ,=4A Jf', (bf in)

|7 Masonry crushing

B, =1750y/f" A, (Ibf,in.)

V@Cimen Design (TMS 402-16):

= ANchor pryout

By =2-0B =84 ' (Ibfin,)

o Anchor yielding

B, =0.64,f (bfin)




Anchor Bolt Testing

Shear Test Set Up: Typical Failure Pattern:




1.2

Anchor Bolt Testing

o
o0

Shear Test Results:
= Ratios presented use TMS 402-16 for F | icreq
= 0.6 @
= Anchor bolt shear tests in the LW specimens §04
performed similar to the NW dataset of McGinley[1] |
’ 10.00 20.00 30.00 40.00 50.00

0.00
Compressive strength of grout, f, (MPa)

» Specimens had a tested to predicted ratio of < 1.0

NW, McGinley (Phase 1) # NW, McGinley (Phase I1I)
® Expanded Clay (fg) B Expanded Slate (fg)

Figure 11' Ftested/Fpredicted VS AnChOI‘ BOlt
Compressive strength of grout, f; (Mpa) for

Anchor Bolt Shear Test.
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Anchor Bolt Testing

Summary:

» Lambda factor for tensile capacity may not be needed as all tested/predicted ratios were
better than the NW dataset and generally close to or greater than 1. However, additional
testing with smaller bar sizes should be conducted.

* Lambda factor for shear capacity may be needed as all tested/predicted ratios were slightly
lower than the NW dataset. However, additional testing with smaller bar sizes should be
conducted to determine the exact reduction factor or if the differences continue to remain
small between LW and NW specimens.
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Diagonal Shear Strength Testing

Test Set Up:
= ASTM E519

* Three 48 1n. X 48 1n. walls per
grout type (Expanded Clay,
Expanded Slate, Normal weight)

* Relief cut was made because the
specimens were stronger than
anticipated and also helped isolate
grout behavior
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Diagonal Shear Strength Testing

= Calculation of Average Shear Strength and Predicted Shear Strength

Average Shear Area = Length of
the diagonal * Thickness
excluding relief cut

Average Strength= Tested
Load/Average Area

Predicted Strength
TMS 402/602-16
equations 9.2.6.1(a&b):
Minimum of

3.8,/f; psi

300 psi
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Diagonal Shear Strength Testing

Calculation of Suggested Lambda:
, ]

= Selected such that the ratios T,,,/ (A*T, .gictea) Rl ot e
were approximately equivalent to that for the ECSTI 142 0.7 2.03
NW SPeCimenS- ECST2 1.09 0.7 1.56
ECST4 1.09 0.7 1.56
Specimen Covel Toredicted A Tvod (VT dicted) average 1.20 1.71
NDST1 1.85 1 1.85 ESST1 1.55 0.85 1.82
NDST?2 1.61 1 1.61 ESST2 1.40 0.85 1.65
NDST3 1.57 1 1.57 ESST3 1.30 0.85 1.53
average 1.68 1.68 average 1.42 1.67
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Anchor Bolt Testing

Summary:

* A lambda factor of 0.7 was required for the EC specimens and a lambda factor of 0.85 was
required for the ES specimens

* Indicates a density-based lambda factor may be desirable
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Lap Splice Testing

Test Set Up:

» Larger diameter bars <

Test panel

Coupler

Hydraulic cylinderg=.
Load cell + Spacers

Spacers
+ nuts

Smaller diameter bars 4—
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Lap Splice Testing

#22 (No. 7) bars
Specimen Design: A *
P gh- #16 (No. 5) bars

=

= Three of each arrangement I/ '
shown tested with both EC |
and ES grout

* Lap length was 137 cm (54
in.) for No. 7 bar specimens;
after relief cut lap length

1Lap length= 76 cmr
(30 inch)

Lap length= 137 ¢m (54 inch)

reduced to 40 1n. (102 cm) I I

<4
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Lap Splice Testing

450 —

Re Sults . 400 _ Wleasured vs Predicted capacity for No. 5 bars v
. —

= Capacity of specimens was +
predicted using the regression s
equation of a study from NCMA w0 ssen 5000 7500 2
1999 [2] that utilized the same : - oo scsoponote o
testing set up for NW

'g 200.00 ¥

d cap

assemblies. o -

& 150,00
=

*
Meas!

100.00
50 G AR

= RMSE was calculated for several : ¥ o o o e
datasets of NW specimens and o e w owm om m wm om0 ws

Predicted capacity (kN)

Our LW SpeCimenS and Comp ared NCMA | (RMSE= 25 kN) NCMA Il {(RMSE= 24 kN) I NCMA Il (RMSE= 28 kN)

s NCMA IV {RMSE= 14 kN) + CPAR (RMSE= 21 kN) x WSU (RMSE= 14 kN)
. + NW-16-762-89-18 0 EC-16-762-80-23.3 ® £5-16-762-89-23.7

tO the equatlon from [2] NW-22-1070-50-28.2 0 NW-22-1070-50-11.6 v NW-22-1070-76-11.7

< EC-22-1016-89-23.2 4 FS-22-1016-83-23.7 NCMA 15999, Eqn 6-1

Fig. 7. Measured Capacity vs Predicted Capacity
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Lap Splice Testing

Results:

= The tested lap splices were compared to their closest match in configuration from the normal weight data set

= Designations: Type of aggregate-Bar size-Development length-Clear cover- Masonry strength

Diameter, | Development Clear Compressive Mean Tested Lap Predicted Lap
Cover, Strength of i )
Aggregate Type d,, mm Length, I, ) Splice Strength, Splice Strength,
(in) mm (in) | C¢» MM | Masonry, 'y, | o KN (kips) | F. icteqs KN (Kips)
(in) Mpa (kSi) tested ’ predicted ’
EC-16-762-89-23.3 16 (0.625) 762 (30) 89 (3.5) 23.3 (3.38) 110 (24.8) 141 (31.7)
ES-16-762-89-23.7 16 (0.625) 762 (30) 89 (3.5) 23.7 (3.44) 126 (28.3) 142 (31.9)
NW-16-762-89-18 16 (0.625) 762 (30) 89 (3.5) 18.0 (2.61) 141 (31.8) 131 (29.5)
EC-22-1016-89-23.3 22 (0.875) 1016 (40) 89 (3.5) 23.3 (3.38) 159 (35.7) 195 (43.8)
ES-22-1016-89-23.7 22 (0.875) 1016 (40) 89 (3.5) 23.7 (3.44) 186 (41.7) 196 (44.0)
NW-22-1016-51-11.7 22 (0.875) 1016 (40) 51 (2) 11.7 (1.70) 165 (37.1) 153 (34.4)
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Lap Splice Testing

Calculation of Suggested Lambda

Mean Tested Axial Stress, (G,),ccteq » MP2 Predicted Axial Stress, Tested/ .
Aggregate Type (ksi) (6.):resicrea MPa (Ksi) Predicted A Tested/ (A*Predicted)

NW-16-762-89-18 717 (104) 663 (96.1) 1.08 1 1.08
COoV (%) 1.89

EC-16-762-89-23.3 558 (80.9) 717 (104) 0.78 0.75 1.04
COV (%) 7.16

ES-16-762-89-23.7 636 (92.3) 717 (104) 0.89 0.85 1.11
COV (%) 8.22

NW-22-1016-89-11.7 425 (61.7) 395 (57.3) 1.08 1 1.08
COV (%) 7.24

EC-22-1016-89-23.3 410 (59.4) 503 (72.9) 0.81 0.75 1.09
COV (%) 5.38

ES-22-1016-89-23.7 478 (69.4) 505 (73.2) 0.95 0.85 1.12
COoV (%) 2.97
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Lap Splice Testing

Summary:

* A lambda factor of 0.75 was required for the EC specimens and a lambda factor of 0.85 was
required for the ES specimens

* Indicates a density-based lambda factor may be desirable




Ongoing Work

= Shear triplet testing and bond wrench

testing

* Equilibrium density measurements for

al

—7.8800—

| mix designs
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Next Steps

* Formulate a proposed equation for lambda factor as a function of
equilibrium density

» Repeat anchor bolt testing across additional bar sizes to confirm trends

" [nvestigate other LW aggregate types (shale)

» Partner with other schools/labs for independent verification of
proposed lambda factor




Thank you

» Students: Rumi1 Shrestha, Hannah Kessler, Ben Hiner, Cooper Banks
* NCMA: Jason Thompson

= Mix Design Collaborator: Dr. Prasad Rangaraju (Clemson)

» Sponsors: NCMA, ESCSI, General Shale, Arcosa, Stalite
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