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Evaluation Technique of Concrete Strength Using

Impact-Resonance and Combined Method

ol ¥ ol & =** ds 4 YR
Lee, Kwang-Myong Lee, Hoi-Keun Kim, Dong-Soo Kim, Ji-Sang
ABSTRACT

Among several non-destructive testing methods, ultrasonic pulse velocity method and
rebound index method have been widely used for the evaluation of concrete strength.
However, such methods might not provide accurate estimated results since factors influencing
the relationship between strength and either ultrasonic pulse velocity or rebound index are
not considered. In this paper, the evaluation method of concrete strength using rod-wave
velocity measured by impact-resonance method is proposed. A basic equation is obtained by
the linear regression of velocity vs. strength data at a specific age and then, aging factor is
employed in the equation to consider the difference of the increasing rate between wave
velocity and strength. Strengths predicted by the proposed equation agree well with test
results. Furthermore, the combined method of rod-wave velocity and rebound index is

proposed.

Keywords @ non-destructive test, ultrasonic pulse velocity method. impact-resonance
method, rebound index, combined method, aging factor.
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Table 1 Mixture Proportion of Three Concrete Mixtures (kg/m’)
Aggregate S/a Air AEWR/C .
Type Water Cement Coarse Fine (%) (%) (%) W/C
Cl 185 320 1041.4 696.9 41 5.0 0.2 0.58
C2 185 350 1008.3 703.1 41 5.0 0.2 0.53
C3 185 400 1032.0 691.0 40 5.0 0.2 0.46
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Table 2 Coefficients of Nondestructive Evaluation Methods

. Data Correlation
Type Method Equation Number Coefficient
A £ =63.1V-216 27 0.51
£ =57.5V.()-198

Ve B 7D =k (D) 7 0.85

\ £:(8)=0.00179( V(D)%
© £ = ks (DD 7 0.84
R D £’ =1.024R-5.484 27 0.93
E f'=0.917R,+13.8V.-56.46 7 0.94

Ve+ R
F £(8)=0.458R,(#) +32.19V.(H-113.4 . 0.94
O =ks(Df(D ’
Table 3 Aging Factors
. ; Age (days)
Aging
T Method

ype ¢ Factor 28 56 84 112
v B ki (t) 1.0 1.07 1.17 1.29
‘ c Ea(d) 1.0 1.08 1.17 1.30
Ve+R F ks(f) 1.0 1.03 1.09 1.13

oldl M Y Ar: 4B o= F

THE Ao (2) B 4

2 Alggd,

5.3 Yoo Kol o8 Zx 3

Fig. 4°] @is} Sxvbs o] &4 Fx Hr}
M A, B, C¥yd o8 F3E Bmet A4 7
=7h HlaH A

(1 A 3

Fig. 4(a)& BHW FH7d=e dAZRZe] 2o]s}
F £20 % AER AAZE wle 2A vEge
B eate] A2 10%1Uth. £ FauA 94
i B4t FEHE Jehie

A YoM E AP 27lde HA FEEd g
B7HETE o] Frkgtel wetde 233 FHa
B7HEe A%s veideh oBl@ olfe Aol
et o o] WHE Aozt uEA skl
W Ao AtgEnt weby oleigt Hrh o w
T A x| FHo] ojefe Ao B

E32|ESE =2 A 113 4% 1999.8

Fig. 40)& EY Fig. 4(a)9E 29 FH%4=
o dAZ}Ee] Zel7b o £10% FEE LAEY
b A oo exte] HFE 4.2%0
o a8 FALEY AAAEY ABAAIL &
A vebsth, ol#@ A}z RE o] WS o) &
3 7]Ee] WHED oAE A9 Fo B
BEGE Gz Gk o] Fol A ¢ UE Aoz A}
BHET, 71E AFlMe g wolHwE ALg3t
7] ol A E A3} Helg Aoz @
1220

(3) C ¥¥

Fig. 4(c)2 29 B " g A7 vg 3
=8 AUAE Yo eite BEE 4.2%
2 B ¥y 43t vyt g B e
C ¥ye & Aoz} g7l Wigol] o= Wy g Alg
A= & FErt QAT AA A gsrloE AR
SE-759 BAE AR/ Halsly] gEo B
o] o A84d e Alggn.

163



Table 4 Comparison of Measured Strengths and Estimated Strengths (dry curing)

Measurement Estimated Compressive Strength (MPa)
Mixing | Age No.
Type | (days) Rl Ve ' | Method | Method | Method | Method | Method | Method
(vs) | (MPa) A B C D E F
D|35 (3938 | 283 25 2.4 25 304 300 2.4
2% | @|33|3975 | 287 38 306 305 23 2.7 291
@| 32| 4002 | 302 365 321 320 23 281 292
®| 39|37 | 328 348 327 329 345 342 337
cl ¥ @| 41 | 4059 | 362 401 379 382 365 371 370
®| 42| 4052 | 379 397 409 408 375 380 388
™ @|41|3923 | 343 315 323 25 %5 353 349
D|42|3%08 | 388 306 45 35.2 375 360 37.0
e @|43]309 | 379 3%.3 412 414 385 382 400
®| 373988 | 330 %6 313 312 324 325 318
® @|33|3040 | 294 326 286 286 2.3 282 282
D| 39| 4000 | 374 364 342 344 45 35 343
® @| 40 | 2024 | 337 379 357 360 355 3.7 35
c2 ®|44 | 403 | 383 387 399 397 306 396 396
™ @| 44| 4036 | 397 387 399 397 96 306 396
D48 | 4004 | 431 3.7 416 417 437 28 432
12 | @|46| 3932 | 393 321 362 3.7 416 400 401
@| 45 |3972 | 386 346 392 304 206 396 05
D42 | 4001 | 374 421 372 374 35 385 374
” @ 40| 4048 | 349 304 438 7 355 361 351
®| 47|21 | 435 440 417 25 426 435 22
¥ ®@| 46| 4097 | 397 25 402 208 416 423 410
c3 @150 | 4133 | 482 48 464 170 457 464 457
¥ @[ 484109 | 46.0 433 48 451 437 443 439
®| 514121 | 486 40 503 511 467 2 480
12 | @|53 | 433 | 495 48 511 522 438 292 496
@152 | 4006 | 472 25 484 490 a8 477 480
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