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Strength Prediction Equations for High Strength Concrete
by Schmidt Hammer Test

Young-Wung Kwon", Song-Chul Park”, and Min-Su Kim>*
D Dept. of Architectural Engineering, University of Incheon, Incheon 402-749, Korea
? Incheon Educational & Science Research Institute, Incheon 400-340, Korea
¥ Hap Technological Group for Structural Safety, Incheon 405-855, Korea

ABSTRACT For the assessment of exsiting concrete structures, it is important to get the real strength of concrete. The load
test or core test has many problems due to cost, time, easiness, structural damage, and reliability and so on. Thus, various
non-destructive test and statistical analysis techniques for strength assessment have been developed. As a result, the real strength
of concrete can be obtained by both direct and indirect test. In this study, a series of experimental tests of core strength and
Schmidt hammer tests on 3, 7, 14, 28, 90, 180, 365, and 730 days' were done for predicting the compressive strength of
high strength concrete with 65.0 MPa of 28-days' strength. Fach experimental results was analyzed by simple regression
analysis. Then, reliability level and emor rate between the proposed equations and the existing ones was examined. However,
the application of the exsisting equations was inadequate to high strength concrete, because they were conducted under normal
strength concrete. Therefore, the following compressive strength equations were proposed for predicting the compressive strength
of high strength concrete by Schmidt hammer test. The proposed equations by Schmidt hammer test are as follows

Keywords high strength concrete, regression analysis, strength equation, Schmidt hammer test
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Table 1 Physical properties of type | cement

Compressive
strength(MPa)

3 day | 7 day |28 day
315 [ 3350 | 003 | 250 | 360 | 21 | 28 | 36

Setting

Specific| Blaine |Stability time(min)

gravity | (em’/g)| (%)

initial | final

Table 2 Physical properties of aggregate

. . . Unit | Percentage
- IS Al .

Agir: p::/;ﬁc ni;glejzs bS((();};thIl weight [passing of 0.08
gate | gravity kg sieve(®)
Fine 262 | 2.82 0.8 1600 0.3

Coarse | 2.62 5.75 0.5 1560 0.3

Table 3 Physical properties of admixtures
Concrete o Specific
Principal .
strength|  Type element State Color | gravity

(MPa) (20°C)
65.0 Pol.y-carbon Poly c'arbon Fluid Light 120

acid salts acid orange

3000
500 ,2_01 1590 lng _500
g & g g

& 8
il g

| _s00 2000 _sop |

e e _._3000 _ .

Fig. 1 Plan of test specimen(unit:mm)
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Table 4 Mix proportioning of concrete
Concrete strength | W/C S/a Unit weight of ingredient (kg/m’) Max. aggregate size Slump (mm)
(MPa) (%) (%) w C S G F A (mm)
65.0 25 37 134 506 597 904 127 14.56 25 120

W: Water, C: Cement, S: Sand, G: Gravel, F: Fly ash, A: Admixture
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Fig. 2 Driled position of concrete core (unit:mm)
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Table 5 Test results of concrete core and schmidt hammer test

Core strength Rebound index(R)
Age (Day)| Individual | Average | Individual | Average
(MPa) (MPa) (R) (R)
38.4 36.3
3 (24.1) 34.93 36.2 36.53
423 37.1
40.1 37.7
7 447 41.86 37.7 37.83
40.8 38.1
48.2 375
14 39.6 44.00 374 37.30
442 37.0
63.2 39.3
28 63.6 63.23 38.9 39.10
62.9 39.1
65.3 43.6
90 63.1 64.00 43.8 43.06
63.6 41.8
67.1 43.1
180 62.9 64.56 433 43.23
63.7 433
65.6 46.3
365 66.6 65.36 46.9 46.53
63.9 46.4
69.3 46.4
730 68.4 68.90 48.6 47.90
69.0 48.7
Table 6 Normalized strength of concrete core
Age
Concrete~_(days)l 3 | 7 | 14 | 28 | 90 | 180|365 | 730
strength(MPa}
65.0 0.5510.67/0.69(1.00|1.01(1.02|1.03|1.08

0.8

0.6

Normalized index
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Fig. 3 Normalized indices of high strength concretedue to the
effect of age
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Table 7 Normalized rebound index of concrete structure

Age
@ays) 31 7| 14| 28 | 90 | 180365 | 730
Concrete
strength(MPa)
65.0 0.93(0.9610.95/1.00(1.10|1.10]1.18{1.22
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&2 Table 103 7o) 11.73%°1A3L, 23 7H =37 4]
G AR AL 4 F 7HEstgen, f, = —0.388R*+35.287R — 733.4359l ]38t A 7}co} =
Y, = Bo+ Bkt i=123..n @ o= A% 2382 Table 114_ o] 9.10%=ZA
LAEo] 263% FAFIeW, 2adsF {,=-30891
71 A, E:%—é':%z': Yo jHMH 55k Table 9 Proposed equation
Bo By = =4 2 A Unstandardized
X;= %%Eﬁf‘: Xe} A A5 coefficients T Sig,
8j=j]ﬂaﬁ SELAF B std. error
B0l thatel FEAE Pgre AZ=sded), Constant -51.577 15.321 -3.366 0.030
e MSRG _ SSRG/1 o) 2.593 0.368 7.047 0.000
MSR SSR/n-2 Proposed £, = 2.593R - 51.577
71014, MSRG = 5754 F cquation
MSR = 234725 7 Coefficient 35.287 - 4.692 0.0001
SSR = A=A 23 Coefficient’| —0.388 - -4350 | 0.0003
SSRG = 3 AR =8 Constant | —733.435 . —4.667 | 0.0001

O3, RFF F 2 Fo, 00l ALIMIE 7)zhdh. 3 P ep;z‘;zi;d f, = —733.435 + 35.287R — 0.388R’

# WEESA 29 Constant -308.911 - 7.289 0.000
P(T<t),1y = Sl)b_ll @) I()Zr(())eiz':;ent 98.294 - —6.148 0.000
PAT= 1)) cquation f, = —308.91 +98.294In(R)

Table 8 The results of regression analysis

Source I square DF SS MS F Sig.
Regression 1 2732.904 2732.904
Linear Residual Error (%23;) 22 1210.814 55.037 49.656 0.000
Total 23 3943.718
Regression 2 3306.858 1653.429
Quadratic Residual error (Oozgj) 21 636.859 30.326 54.520 0.000
Total 23 3943.717
Regression 1 2072.257 2072.257
Logarithmic | Residual error ((:);(;36) 21 819.017 39.000 53.133 0.000
Total 22
note) 1. ( } = Adjusted r square.
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Table 10 Error of proposed equation and core strength (linear)
Age (days) 3 7 14 28
Item 90 180 365 730
. 4254 | 4228 | 44.62 | 46.17 | 46.17 | 4721 | 45.66 | 4540 | 4436 | 5032 | 4929 | 49.80
Proposed equation
6147 ) 6199 | 56.81 ] 60.18 | 60.69 | 60.69 | 6847 | 70.03 | 68.78 | 68.73 | 7444 | 7470
3840 | 2410 | 4230 | 40.10 | 44.70 | 40.80 | 4820} 39.60 | 4420 | 63.20 [ 63.60 | 62.90
Core strength
6530 | 63.10 | 63.60 | 67.10 | 6290 | 63.70 | 6560 | 66.60 | 6390 | 6930 | 68.40 | 69.00
E . 10.78 | 7543 548 | 15.13 328 | 1571 | 526 | 14.64 0.36 | -20.37 | —22.50 | —20.82
tror rate
' -5.86 | —-1.75-10.67 | -1031 | -3.51 | —-4.72 437 5.15 7.63 | —0.82 8.83 8.26
Table 11 Error of proposed equation and core strength (quadratic)
Age (days) 3 7 14 28
Item 90 180 365 730
. 3550 | 3620 | 41.60 | 4540 | 4540 | 47.70 | 41.00 [ 43.50 | 4420 | 52.10 | 53.10 | 54.00
Proposed equatio
63.60 | 67.50 | 67.70 | 66.60 | 67.00 | 67.00 | 68.60 [ 68.50 [ 68.00 | 68.50 | 65.00 | 64.80
38.40 | 24.10 | 4230 | 40.10 | 44.70 | 40.80 | 4820 | 39.60 | 4420 | 6320 | 63.60 | 62.90
Core strength
6530 | 63.10 | 63.60 | 67.10 | 62.90 | 63.70 | 65.60 | 66.60 | 63.90 | 69.30 | 68.40 | 69.00
-7.55 | 5020 | -1.65 | 1321 1.56 | 1691 | -14.93 9.84 0.00 | -17.56 | -16.50 | —14.14
Error rate
2.60 6.97 6.44 | -0.74 6.51 5.18 4.57 2.85 641 | -1.15] -497 1 -6.08
Table 12 Error of proposed equation and core strength (logarithm)
Age(days) 3 7 14 28
Item 90 180 365 730
Proposed 4414 | 4387 | 4628 | 4786 | 47.86 | 4890 | 4734 | 47.07 | 46.02 | 51.94 | 5094 | 51.44
equation 62.15 | 62.60 | 5801 | 61.02 | 6147 | 61.47 | 68.08 | 69.28 | 6835 | 6827 { 72921 73.02
Core strenath 3840  24.10 | 4230 | 40.10 ( 44.70 | 40.80 | 4820 ( 39.60 | 44.20 { 63.20 | 63.60 | 62.90
g 6530 | 63.10 | 63.60 | 67.10 | 6290 | 63.70 | 65.60 | 66.60 | 63.90 | 6930 | 6840 | 69.00
Error rate 14.82 | 82.03 940 [ 1935 7.06 ¢ 1985 | —1.78 | 18.86 4.11 | -17.81 | -19.90 | —18.21
rr
-4.82 | -0.79 | -8.78 | -9.06 | —2.27 | -3.50 3.78 4.02 6.96 | —1.48 6.60 5.82
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Table 13 Comparison of proposed equation with others'>'®

Equation Age(day) 7 14 28 | 90 180 365 730 Emor rate
Core strength(average) 3493 | 41.86 | 44.00 | 68.23 | 64.00 [ 64.56 | 6536 | 68.90 %)
Proposed A 43.66 | 4643 | 45.14 | 49.80 | 60.18 | 60.44 | 68.99 | 72.62 1109
(f,=2.593R—51.577) B 2499 | 1091 | 259 |-27.01 | -596 | 638 | 555| 539
Proposed 2 A 37.62 | 46.02 | 4294 | 53.10 | 66.68 | 66.86 | 6845 | 66.53 726
(f. =—733.435+35.287R-0.388R") B 770 | 993 | 240 |-22.17 | 418 | 3.56| 472 | -3.43
Proposed A 44776 | 4820 | 46.81 | 5144 | 6093 | 61.31 | 68.54 | 71.40 o7
(£,=—308.91+98.29In(R)) B 28.14 | 15.14 | —2.40 | 2460 | -4.79 | —5.03 | 486 | 3.62
Japan Institute of Materials A 2005 | 3074 | 30.09 | 3243 | 37.63 | 37.76 | 42.05 | 43.87 3526
(f=13R-184) B | -16.83 | -26.56 | —31.61 | —52.46 | —41.20 | -41.51 | -35.66 | —36.32
Architectural Institute of Japan A 36.64 | 37.59 | 3722 | 3854 | 4146 | 4153 | 43.94 | 44.96 25,00
(f,=7.3R+100) B 4.89 [ -10.20 | —15.40 | —39.04 | =35.21 | —35.67 | —32.77 | -34.74
Tokyo A 2553 | 2683 | 263.0 | 281.0 | 3206 | 3223 | 3553 | 369.0 Y
(f=10R-110) B |-2691 | -35.90 | -40.22 | —58.81 | —49.90 | -50.07 | -45.63 | -45.73

note) 1. A : Error rate of proposed equation, 2. B : Error rate = {(proposed strength—core strength)/core strength)} x 100, 3. C : Average of

strength for test results.
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