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g SCOPE

1.1 This test method describes the procedure for determining the consistency of fresh concrete by
measuring the depth of penetration of a metal mass o plastic concrete uder the force of gravity
and quantilatively assessing the responsiveness o vibration of dry conerefe mixtures, a5 15 desired
of a mixiure suitable for slipform paving.

1.2, The values stated in cither 51 units or inch-pound units are to be regarded separately as the
standard. Within the text, the inch-pound units are shown in brackets. The valwes stated in cach
system are not cxact eguivalenis; therefore, cach system shall be wsed independently of the other.
Combining values from the two systems may result in nonconformance with the standard.

1.3 Thve standard does nol peirport b address all the safety concerns, (Fany, associated with is use, I
ix the rexponsibility of e wser of this standard fo establish appropriate sofety and heolth
praciices and fo determine the applicability of regwlatory lmitations prior fo wse.

1.4. The text of this standard references notes and footnofes that provide cxplanatory information.
These notes and footnotes shall not be considered as requirements of this standard.

2. REFERENCED STANDARDS

2.1. AASHTEr Srandard
R o, Sampling Freshly Mixed Concrete

2.2, Californin Test Standard:
m CTM 532, Method of Test for Ball Penetratton in Fresh Portland Cement Concrete

2.3 Chher Documrenis:
®  Kochler, E., and Fowler, D, Swemerary of Concrete Workability Test Methods, ICAR Report
1051, University of Texos at Avustin, Avstin, TX, 2003
B Wang, X., P. Taylor, and X, Wang. A Novel Test to Determime the Workabality of Shpform
Comnerete Mixtures, Mogazine of Concrelte Research, Yol 8%, Mo, 6, 2007, pp. 292-305
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SUMMARY OF TEST METHOD

This test method comprises a two-part measurcment o assess static and dynamic behavior of
plastic concrete mixiures,

First, the consistency of fresh concrete 15 assessed by measuring the depth of penetration of a
il mass into conerefe under the force of gravity,

Second, the rate of penctration of the metal mass under vibration energy of 98 1 (72 Ibf) at 8,006
vibrations per minute (vpm) is measured and recorded for up to 36 2. The rate of penctration in
emus" (inss") is determined and reporied as the VEelly index. This parameter indicates the
responsivencss of a mixiure to vibration.

4.1,

4.2

SIGNIFICANCE AND USE

This test method is infended o assess consistency and responsiveness i vibration of low slump
concrele mixtures for applications such as slipform paving. Such a mixtire should be mobile while
under vibration, making it casy to move the mixture through a paving machine and 1o achicve full
consolidation, but static and resistant to edge slump after the paver has moved on. The slump test
anly addresses the latter parameter. The approach here is to take the Kelly Ball test and meodify it
by adding vibration energy.

This test method 1= not considered applicable o non-cohesive concrete and maximum aggregaie
size grepler tham 37,5 mm (L5 i) or for mixtures with a slump greater tham 75 mom (3 im),

1.

5.1.1.

APPARATUS

Eguipaent:

Wkelly test apparatus is shown in Figure 1, The test apparaius is available in a kit from the
Mational Conerete Pavement Technology Center, Alternatively, a Kelly Ball is commercially
available, Tt will have 1o be modified o clamp the vibeator onto if, o add a graduated shaft, and o
allow for the mass of the vibrator head, A frame is desirable to hold the svsiem vertically during
the test and to facilitate depth measurement,
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Flgure 1—Assembled Apparatus (Sowrce: Natdonal CF Tech Center)

= 1.1.1. Bubber Tub—With a 25-L (8. 5-gal) capacity, approximately 330-mom 1 7-in.) diameter (top) by
380 {1 5=in.) diameter (botiom) by 200 mm (8-<in.) depth,

5112 Four Frame Pileces for Stahilizing the Kelly Balf—UOne base plate, two side bars, and one top bar.

=1.1.3. Fin—To hold the groduated shaft up before testing stanis,

511.4. Sheel Kelly Ball—Mounted on a graduated shafi with a total weight of 13,6+ 0,05 kg (30 = 0.1 Ib).

5.1.1.5. WYCD Square Vibrator Head—21-mm® {4/ 5in.*) width by 330-mm ( 13-in.) length
{Part SWETT-3200, 1.5-m (3-0) cable, with “gquick disconnect™ adaptor (Part #4235 300},

5116, Fihration Motor—0One that can provide 98 1 (72 bt} encrgy at a constant 000 vpm {i.c., Wyco
Sure Speed, Model WG A 13-A and 1202 {approximately 2000-W) power source is
required.

6. SAMPLING, TEST SPECIMENS, AND TEST UNITS

6.1, sample conerete in accordance with B ai,

6.2, Giently place fresh, unconsolidated concrete in the tub to a depth of at least 150 mom (6 ) for
25-mmi (1 -in.) aggregate or smaller and 200 mm {8 in.) for larger aggregate,

6.3, Lse a float fo create a level area on the concrete surface of abowt 0,14 m® (1.5 7t*) without
tamping, vibrating, or consolidating the concrete. Do not overwork the surface,

7. PROCEDURE

T Static Test:

i Pull out the pin holding the graduated shaft while holding the shaft to prevent it from dropping.

T.1.2 Gently lower the ball until i towches the surface of the concrete,
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7.1.3. Fecord the initial reading on the graduated scale (80 0 the nearest 2.5 mm (0.1 in.)

7.1.4. Let the ball sink wnder its own weight so that penetration is due to the dead load of the ball only
and not to any force generated by acceleration of the mass {(CTM 533) Record the reading on the
graduated scale where the ball comes 1o rest (#,).

T.1.5 When the ball comes wo rest, recond the static depth o the nearest 2.5 mm (0.1 in.) 83 shown in
Figure 2.
T.1.86. Complete the static test within 30 5.

|

Figure 2 Depth of Penetration under Static
Load { Sewerce: Nationma! CP Tech Center)

T.2. ynraniie Tewr

T.21. As so0n as static test 15 completed, tum on the vibrator motor and set i to 8,000 vpm, and
simultaneously start the tmer.

T2, Fecord the depth readings on the graduated shaft every 6 5 up 1o 36 8 (&), Stop the fest if the top
of the ball reaches the surface of the concrete,
Mote 1 One means to collect data 15 o use o video recorder to monitor the graduated scale for
the duration of the test. Alternatively, a digital laser measurer {Bosch Professional GLM 40 or
simmilar) can be installed on the top bar o help record the ball penetration depth dunng vibration,

.23 In the laboratory, dump the testing concrete back into the mixer and remix it for about 30 5 then
repeat the test on a fresh, leveled concrete surface in accordance with Sections 6.1 10 7.2.2,

T.2.4, In the Geld, repeat the test using fresh concrete from the same composite sample,

.25 Take a minimum of three individual sets of readings. Individual readings should agree within
12.5 mm (0.5 in.} of penctration at any given time,

TS-3e TP 128-4 AASHTO

4% 200 by the American Associmion of Sme Highway and Transponation Officials
All rights reserved. Duplication is a siolation of applicable kv



8. CALCULATION AND REPORT

8.1, Calculate the depth of penctration (£4) under static load (¥, = R, — &) for the three repeats, and
determine an average, bMuliply by 2 {Koehler and Fowler, 2003) 10 obtain the slump equivalent
{VEelly slump) and report to the nearest 5 mm Vs ).

8.2, Dretermine the depth of penetration % under vibration for imes & through 36 5 every 6 8 (I8 =
By = B Plot the penetration readings in millimeters (inches) (vertical axis) against the square root
of time in seconds (horontal axis) (Figure 33, and determine the slope of the best-fit line through
thie data (Equation 1} o 3 sigmifeant Ggures,

= f"'-JJ_'+ e (I
where:
Iy = penetration depth at tme »,
f = elapsed ime of vibration {5},
c = opnstant (nod zere), and
F = VEKelly Index.
160 |
g A D,=21.3t+68 ¥
E 120 i
= ’/I‘l/
"E. 100 -
(il | L
c BO —&
=] f
5
e 60 -
=
o 40
o
20
1]

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Vibration Duration, Vs
Figure 3—Sample Plot of VEelly Test Data. VKelly Index = 21.3 mm/vs

8.3 Feport the averaged VEelly slump in mm (in.}.

8.4. Report the averaged VEelly Index in mmes (ins).

9. PRECISION AND BIAS

g9.1. Precizio

9.1.1. Single-Operator Precizion—The repeatability of the VEelly test performed by a single operator 15

verified (Wang ot al., 20017 A mixture was tested four times and the coefficient of varation of the
VKelly index for the four mixtures was determined to be 006 mmis"? {in./s)
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Mulii-Chrerator Precision—The multi-operator standard deviation 15 8.3 1 percent for over
23 mixtures, The reported resulis for the replicate readings apply fo tests conducied by different
operstors performing tests on the same mixiore less than 10 min apart.

8.2, It is suggested that the VEelly test should be conducted within 45 min after discharging.

10. KEYWORDS

10.1. Fresh concrete consistency; Kelly Ball test; responsiveness, slipform paving concrete; workability
Test,
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