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SUMMARY: ;

A non-~destructive concrete tester, developed by the Swiss engineer,
Ernst Bchmidt y was evaluated by the U. 8. Naval Civil Engineering Re«
'search and Evaluation Laborgtory to determine its adequacy for obta.in-
ing the approximate compreasive strength of concrete in situ. _

it

.....

Orrivink Jot ONLY

ok k(o ey e R S e PRY SO © =

;. b e odire 4 g s b b g T e et Loy e T~ - P e g 2
ITY gty Tk b b " ST i 1) Sl e S LA ML TE A R e e LG T L T
i b B i Sl AT B AT

LISPER . 2




N
X

Bemmer, consists of a light-weight gteel hammer, or plunger, free ito

‘firmly against the concrete and with the springs fully extended in
"~ the cocked position, the trigger is released allowing {the extended

5 inches. long gradvated from O to 100, eaah/ unit a division and ap-
‘prokimately 0.05-in. apart.  The amount of ‘this rebound (R)-dia.8n..

PREPARA'I.‘ION OF CONCRETE 81 i i :

cated for use in other Mw.}{a » vere utilized to estabush the rela-

INTRODUCTION

The Bureau of Yards and Docks purchased s Concrete Test Hammer
for evaluation by the Laboratory and for posasible field use. The
S8tructures Research Department was authorized by the Officer in Charge,
U, 8. Naval Civil Engineering Research and Evaluation Laboratory, to
test this device by comparing the readings obtained from it with the
compressive strengths of concrete found with accurate 1a.bora.tory
testing ma.chines .

This instrument ie claimed by the me.nufa.oturer‘ to be ugeful in
the field for obtaining rapid determinations of the f«pproximate
compressive strengths of concrete.

DESCRIFTION | | .
‘The instrument (Figs. 1 and 2), referred to as the Concrete Pest

travel in & tubular frame. By means of a trigger, the hammer is diawn
upverd against the force of two tension eprings. With the base held.

springs to drive the hammer against the conerste. The| he:l.ght of th
firet rebound of the hammer is measured by a small llid Qg pointey -
which slides over a calibrated scale, This scale is app oximately

mdiee.tion of the hardness of the ‘concrete at the point of }mpact and
is, therefore, purported. t.o be a-measure of t.ho compressive \strengbh.

d R \\

8ix< by twelvesinch éonégete cylinders , 1,188 in number, fabri-

tionship between the revbound nuinber (R) and the compresiyive strength.
These specimens consisted of concrete made with Colton Type I portland
cement and with aggregates from four different aources. ' Three cement
contents«~3.5, 5.5, and 7.5 sacks per cubic yard of concrete=-wvere

used with each aggrégate. Slumps of 1, 3%, and 6 inches were attained -
with each cement content. In addition, under carofully controlled ’
laboratory conditions, different ccmbimtiona of curing and storage

(100% R.H. at T3°F, and 50% R.H. at T3CF) vere employed for specimens
teated at age 7, eé, and 90 days. Bo compressive strensth of the
syecimens ranged from 800 to 7000 pui. ‘

)
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The dense aggregates which were uged in these concretes are
particularly representative of aggregates found along the west coast
of the United States and their composition ranges from hard tough
durable rocks t0 rocks that are chiefly sandstones. Petrographic
analysis and physical properties of the aggregates appear in
Appendix I.

TEST METHOD

Aa recommended by the manufacturer, the rollowing procedure was
employed to determine the correct rebound number:-

l, The bottom of tBe specimen, having been cast in a machined
 mold, was smooth and uniform and was, therefore, gelected for the
test location. Rough spots, honeycombs, and porous arcas were avoided.

: 2. Readinga were taken at six to ten points on the. selected
area. After each impact,. the hammer was moved to avoid more than
, one impact at a given point. The exact number of determinations de-

m pended upon the variation of the readings obtained.” Not more than
-one-third of the readings were permitted to deviate more than three
scale divisions. from the average. The average was then aelected as

thhe rebounn number for that particular specimnn.' ' : e

Xf] The ends of the concrete cylinders wera then capped with an’ ap-
proved proprietary sulphur and fire clay cdpping compound and the .
“gpecinens ‘tested in compreaéion in a 300, 000 1b capacity Riehle Test- _

1ng Machine. 7

Using the above methad, rebound determinations were made on ap-
- proximately 850 specimens. At that time, the coefficient of friction..

,Of the hammer in the tube exceeded that recommended by the manufacturer. -
v hThe original instrument was replaced with a new one for the remaindey -

.of the evaluation; this was done in lieu of repairing or adJueting -
'thﬁ first instrument. i ;

REBULEB
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, Figures 3, b, 5, and 6 lhow a.\re:'age‘L
vs ‘rebound number for concretes made frcm each of the four aggregates.
Each point on the curve represents one 6- by 12-in. concrete cylinder.
These curves represent all specimens of each aggregate regardless\of
age, cement content, or curing condition. .

Experienca in the meaeurement of properties of a given material
(auch as carofully controlled concrete has shown that the results of

urves .Of oempressive strengths




tests will group more or less symmetrically around the average value
insuch a manner that s large number vary but liitle from the aver=-
age, a lesser number vary more widely, and a few show large differ-
" ences. This grouping of the individual tests results in relation
to the average can be expressed in terms of the variations from the
, . average by a single numerical value known a8 "standard deviation".
' Matandard deviation" (8D) is the square root of the average of the
squares of the deviatiocns of the individual test results from their

average. 8D a2 (v~ 42/n)1/2 where d is. the deviation of the stremgth

of an individual cylinder rrom the average and n is the number of
specimens. , o "
i
. The standard deviation of strength from the averages shown in
o - Pigures 3, h 5, and 6. vas computed for each repound number . Curves -
CN indicating the average of these etandard deviationa are also shown
Ty om thoae figurea. ’ .

Ny

mne fpllowing table 1n&1¢atas the range in strength within the

1imits of plus’ and minus one standard deviation which aimilarly must
R be .expected to ocour with additional ecylinders fabricated with the
VA indicated aggregates, cured and tested. under the same -carefully con-
) trolled conditiona, the values are based on the curves in Figurea 3,
l‘"! 55 and’ 6 ) ‘ P ) \ 7 .
: B T ) u\ : ‘o . .
" [ REBOURD ] T - — —
- |_NUMBER R=30 _ __Rs uo L R:* 50
' KE regate |Average | Strength Average |otrength Average | 8trength
Source Btrungth Range From | Strength |Range From |Strength | Range From
| pet | -onesDto| psi. |-One 8hto|| psi | -One 8D to
Sl (|+One8D | . l+One ED. {\ - foOne 8D
) b et o o ) opet 3V | pet
"/ loanta Clara | 2400 | 2700-3100 | k350 3500-5200 | 6250 | 5450-7050
4 River o 1 S . . ’T : e :
[wien pit | 2550 [1900-3300 | 5650 [4400-6900 | 7400~ | 6300-8500
| Ban Gabriel | 2650 |2000-3300 | 4350 [3600-5200 | 6200 |5400~TOOO |
eather 2450 |1600-3220 | 4670 [3710-5630 | 6360 | 5450-7270
. ‘River S ) _ ] ; i
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~‘parigon of the 7-day test data may be made using the curves in Fig-
© ivres 15, 16, 17, and 18, These curves represent sp Qimens having
-ddentical curing conditions and test age; Ch

B A et & ST B e L

To determine the effect that curing and storage conditions .
may have upon strength va rebound curves, Figures 7 through 1lb were
constructed using data obtained only from concrete made of San
Gabriel River aggregate. These curves represent various combina-
tions of wet uuring and dry storage conditions, and different ages

_:of test. Each point plotted represents one specimsn.

Upon examinaticn of Plguree 7, 8, 9, and 10, it may be seen that
thc curves have nearly the same shape and slope for concretes at 90
deys of age if the specimens were stored under drying conditlone
(73°F and 50% R.H.) for at least 62 days and regardless of whether
they had been previously fog-cured (TSXf and 100% R.H.) for periocds
of 3, 7, 14, or 28 days; it is to be npted that these particular
data are for one aggragate only and are not summary curves for all : f~
the aggregatos, . /

Upon examination of Figures ll\ 12, and 13 1t may be seen “that

~ecurves for specimens that were fog- ured until the time of test are’

also nearly coincidental even though they wers tested at age 7, 28,

- and 90 days, respectively. It is to\be noted that this set of .curves -

differ considerably in slope with tha\set which répresents specimens
that were permitted to dry out for at least 62 days. This fact may
be seen clearly in Pigure 1k which contains twe curves each of which "

. represents apecimens which were tested at age 90 days; one represents
- fog-cured specimens (same as Fig. 13) and the other, a combination of
) apecimene that vere permitted to dry out (same ‘as Figs. 8 and 9)

In order to show the effect of aggregate on theae data, 4 com- '

aggregate. The curves agree fairly well, o g@ witii the other and

‘have the same general slope, but.it muast be ‘remembered that all of -

these specimens wore tested at ‘the - early age of seven. days.

DISCUBSION I S

" Surface Hardness . R L
. Surfece Favdness , . . T o

Bince the hammer rebounds trqm the uurface, the amount of re-".
bound is influenced by the hardness of the concrete surface. It has

‘been shown by othersl that the surface hardness of concrete (and :thus .
the applicability of the concrete test hammer) is dependent upon - 4

various factors inciuding: concrete fabrication process used; age
of the concrete, humidity conditions during and aftei# curing, per
cent of fine material, and the size of the aggregate near the sur-
face, It would appear that all except the last of these five factors

variable is the o

248 b i Twaninen i,
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menticned have direct bearing on the quality of the paste 1n the §
concrete. L

It 1: common knowledge that the following greatly influence
. the compreseive strength of comcrete: quality of the paste, work-
! . ability of the concrete, adequacy of compaction, and the quality
of .the aggregate. Of these, only the quality of the paste appears
as a common factor with those previously listed as having a large
influence on surface hardness. Therefore, it is unfortunate that
" & concrete of a harsh mix or improper compaction may produce
identically the same rebound number as a sound,. well compacted
concrete with a similar comparable surface hardness; however, ve-
cause of internal honeycembe, the compressive strength of the harsh
mix will be much leds than that of the sound concrete. ,

T PP R o S L

Smooth trowelled eurrecee l.ppea.r to gd.ve higher rebound ree.d- RN
inge than do rough floated surfaces, the compressive strengths of ' \/)
the concretes being the same. s:lmila;fly, small alr pockets under o
the surface result in lower readings than do impacts :I.mmediately ’
over a plece or aggregate. )

Reliebilit or Data

'rhe analy:ie of data given in t.his paper is baeed primar:l.ly on
' ""the usé of standard deviation as vas previeuely defined on page 3.
 Under the cbaerved carefully controlled conditions of fabricatiom, |
.. .. .curing and testing, the concrete cylinders in this program would he
o expected to yleld compressive strengths, for any given rebound num-
- ber, having a normsl distribution about an average value. - With such
. & 4istribution, approximately two-thirds of all the values obtained
. in any instance would lie in the range of plus and iinus one stan-
- dard devie’é:lon. Aetuelly, instead of two-thirds the figure given
in the AS'.W Manua.l on Presentation of Dete, is 66 27 per. cent,

X(
\ RO BT . From 'bhe foregoing then, and rela.ting it to the data in the

s - ' " table on page 3, it may be seen that if & rebound nimber of LO was
4 _ , .obtained from concrete consisting of Santa Clara asgrega.te, the
- _ strength would be expected o be between 3500 and 5200 psi only
o o about two-thirds (68.27%) of the time, Such a range is equivalent
R LR ) to 50 per cent of the lower value, 33 per cent of the higher, and
| . . plus or minus almost 20 per cent over the average value of 4350 psi.
- . Furthermore, it must be again noted that about one-third or a.ll the
values will lie outside of even this wide range. ’

| ‘ . " Pield conditions encountered in the fabr:.r.abion} curing, and
’ testing of concrete cylinders, miscellaneous specimens, monolithically

| urttuiae Jof ONLY
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poured columns, walls, and other elements, could scarce'y be relied
“upon to give data having a normal distribution of values &s con-
dervative as those observed in this program. It would, therefore,
be expected thal the range of even plus or minus one standard de-
viation would ba comparetively sreater for job-site concretee than
that ehown herein.

, To -obtain realistic curves for conctetes of one aggregate, -

" . ‘cured under specific conditions and tasiéd at reasonably the same -
age, it may be necessary to make and test 50 to 100 specimens.
This number should be increasad proportionately a8 the’ number of
variables incrense and es the emount of control ‘decreases. i

Refarence 2 indicetee that the calibration curve supplied by
the manufacturer is based on 550 specimens whioh were mad2 with
"aggregates approved for construction work". About 90 per cent

- of “those specimens were prepared at various Job.locatiohs and
shipped to a 1aboretory for compreeeive etrength ‘tests and hammer
readings. 2 ‘ i
Hammer: Pooition o

the ingtrument in a vertical position; with the hammer in any other

For the : purpoeeﬁof this 1nveetiget1on ell teete were made with
position the effect

hammer £riction would necepsitate the use of -

& correction factor which is supplied by the manufecturer; this gacff/v

: tor wae not oheoked by the Laboratory. /
'fCONCLUEIONB o

_‘epproximete empirical relationship between surface hardness es - P
. meapured by the hammer rebound, and the compressive ‘strength of
“ooncrete, within the limits of 800 and 7000 pei. R //

, 2.v Concrete epecimens from the same: aggregate eouree, tested
" at ‘the same age, and having nearly the same curing and storage '
'condittone ‘will produce good correlation betwesn rebound numbers
and compreeeive strength. ,

3. When many variasbles are ooneidered, 1t would be erroneoue
to use the curve vhich was supplied with the instrument (or any one
modification of the curve) to predict the compréssive etrength of
all concretes. '

L, The Test Hammer may have use for nny one concrete, made of
certain aggregetea, cured under specific conditions, tested et

1. mhere eppeere (£or all dense egsregate ooncretee) to be an . 7.
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reasonably the same age, and for which correlative test data may
be plotted to obtaln a realiastic curve. Such an instance may be
found.in a job were a lardge quantity of concrete is to be used,

and nll of it is of one type with & minimum strength requirement.

. - 5, BExtensive use may be made of the Concrete Test Hammer

for estimating the compressive strength of concrete for operations
puch as removal of shoring. This may be accomplished by selecting
- from predetermined data the higheat rebound number for the ninimum
required compressive strength. It should be noted, however, that
this practice may invoke a severe penalty on performance in that
the compressiire strength may be! considerably in excesse of that

required. E
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F‘iguré 1. Cocre‘ce Test Hammer In Use. .
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OPERATING INSTRUCTIONS FOR CONCRETE TEST HAMMER "'“

1, Hold the apparatus with one hand
firmly so that the base rests
solidly on the concrete surface
to be tested,

|

]

' ‘ Y . .

: A 2. With the free hand depress catch
\ ! \/ 3 into the slot.,

i 3. Set pointer 5 to a reading about
! _ ) 10 seale units lower than the.
' - 1 probable rebéund as determined
' E . ' from a trial test.-

L, With the free hand engage trigger 7 . .
o into t’{e hammer and draw against the
‘ : ~springs 8 to the fully extended position.

Holding tho apparatus steadily, carefully

% ) relesse trigger outwardly. §
LY 's-‘ T . :
N o rad -+ 5, When released, the epringa propel the
o - -‘,: : hanmer against the conerete and the
' 13‘8 C N\ _ Ampaet ecauses the harmer to rebound. -
= v The cateh 3 swings out and, on the
:& . hamper rebound the sliding polnter 5
A - m— - 48 engaged, moving it to the end of
| S TR = the rebound stroke. The rebound
o nurber "R' indicated on the scale :I.s
/ by then eatablidhed. y
/ - o
> MR deiSy
2
&
. Half Sectlon of Céncrete E
i Test Hammer

P 18\“‘9 2 i
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