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SUMMARY

I. TITLE

A Proposal of Presumption Equation for High Strength Concrete
Strength

IT. OBJECTIVES AND SIGNIFICANCE

Recently, it has been increased the demand on high strength
concrete in the country by making the concrete structure much larger
and higher. However, because most researches on the high strength
concrete were concentrated on properties of mix proportion and
mechanics, it is necessary to presume the strength by non-destructive
test of high strength concrete in view of maintenance and safety
diagnosis of concrete structure using high strength concrete.

Also when presume the strength of high strength concrete in the
country, it brings about problems to trust of strength presumption
results in case of quality control, maintenance and safety diagnosis of
concrete structure using high strength concrete, because there is no
systematic research and it has been used the strength presumption
equation proposed in japan many years ago which differs from
materials and circumstances.

It is the aim of this study to propose the strength presumption
equation of high strength concrete which is suitable for domestic
situation by collect, investigate and analyze the present references
and put together the various past data of high strength concrete which
was measured in BMCL(Building Materials & Construction Laboratory)



of CNU(Chungnam National University) from 1990 to 2001 and data
including compressive strength, rebound number, ultrasonic pulse velocity
of various high strength concrete manufactured and measured according

to using materials, W/B ratio and curing temperature.

M. CONTENTS AND SCOPE OF THE RESEARCH
To propose the strength presumption equation of high strength

concrete which is suitable for domestic situation, this report consists of
seven chapters as follows ;

The 1st chapter is introduction of this study which include
background, significance, objective, content and scope of this research.

The 2nd chapter deals with the literature review on high strength
concrete and non-destructive strength presumption equation which
include definition and property of high strength concrete, effect items
for strength presumption and non-destructive test methods.

The 3rd chapter deals with present condition of technical development
at home and abroad which include related research trend, application
situation and improvement trend of domestic non-destructive test.

The 4th chapter deals with the experimental study on proposal of
strength presumption equation of high strength concrete which
include proposal of strength presumption equation according to using
materials and W/B ratio, and strength prediction by maturity method.
Also it is evaluated the site practical application of strength presumption
equation of high strength concrete suggested from this research by
means of mock-up test.

In the 5th chapter, it is described the achievement degree of research

- Vi -



target and contribution degree according to research development.
The 6th chapter deals with the application field and plan of
study results, and in the 7th chapter, it is presented the synthetic

conclusions of this research.

IV. RESULTS AND SUGGESTION FOR APPLICATION
1. Results

The principal conclusion in this study are summarized as follows ;

A. From the result of study to propose the strength presumption
equation of high strength concrete according to using material,

suggested presumption equation are as follows.
1) Rebound number method ; F. = 12.67Rn + 97.868 (R=0.8563)

2) Ultrasonic pulse velocity method ; F. = 501.63V, - 1782 (R=0.8589)
3) Combined method ; F. = 11.2IRn + 125.76V, - 42291 (R=0.8934)
B. From the result of study to propose the strength presumption
equation of high strength concrete according to W/B ratio, suggested
presumption equation are as follows.
1) Rebound number method ; F. = 14.29Rn + 8.057 (R=0.7671)
2) Ultrasonic pulse velocity method ; F. = 335.27V,, - 1033.8 (R=0.6269)
3) Combined method ; F. = 11.61Rn + 193.44V, - 778.64 (R=0.8322)
C. From the result of study on strength prediction of high
strength concrete by maturity method, it is considered that strength
prediction using Freiesleben function and Gompertz Curve is more
reasonable for accurate strength prediction in relation maturity and
high-strength concrete.

D. From the evaluation result of practical application for strength

- Vii -



presumption equation suggested from this research, it showed high
correlation with real measuring strength, so it was certified the
propriety of strength presumption equation of high strength concrete

proposed in this research.

2. Suggestion for application

It will be able to apply as basis data for establishing the standards
and guideline on the strength presumption equation of high strength
concrete which is suitable for domestic situation. Also by means of
spread and diffuse this research results, it could be improve the
technical and competitive power of domestic related company. And it
could be apply as important research data on continuous study for

improving the trust of non-destructive test.

V. EXPECTING EFFECT

1) Technical aspect

By means of strength presumption equation of high strength concrete
which is suitable for domestic situation, it would be able to confirm the
construction safety and shorten work period by accurate prediction of
early concrete strength, as well as easier and faster the concrete strength
presumption of real structures and apply as basis data for exact
diagnosis of old structures by analyzing the deterioration of concrete.

2) Economic and industrial aspect

By means of strength presumption equation proposed in this research,
it would be able to get economic and industrial profit and usefulness
according to minimize the loss of SOC because stability is maintained

continuously through an accurate evaluation of structures safety.

- viii -
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2) J.Pyszniake| F&Al Fo = 925V,2 - 508V, + 782 11
3) /NFES - ) AGHE Fo = 172.5V, - 499.6 3
. I[lBﬂ%ﬂjﬁgl Z;SXC-JA—! fC - 05 x 100.63VS
. = 146V, ~ 15913
4) VM. Malhotra & N. J. Carino V £ fifsec Fole psi 3
] SZ kM F. = 4356V, - 1655.3
5 Y BHHE - LLEHREe| XA 3
Z7| %M F, = 3294V, - 1081.7
o Fe = -9 (R = 0.956)
6) N - KRl =8A 0
log Fo = 0.525V, —1.462 (R = 0.975)
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Fc = Rrefcl
C[ = Cc_Cd_Ca_Co_Cg
0i7|M, F,: 232|E 4FUE

1. RILEM CNDT ¢l &3] Co: MEEAH S

(SORNEB Method) Cy: CHRIAIHIEZHO)| o|5F E& A% 8

:Z2ojo} XA Cs: 2MEFO 2ost E™HA

Co @ ZMZ|CHX|0f o8t B H %
C, : O~1mmel oM 2&lo| MEZx| Zof
HMests b0 o3t EXAS
N HESJF3|E F, = 82R + 260V, - 1094

El=ab g
2 = A= 38|E F, = 41R + 344V, - 1022 45
3. &I, LM, IR Al | Fc = 102KR) + 223V, - 960 6
4. BHg, (Leha Fc = 99R + 792V, 273 3

%, BAAA

> f,"’j’:, ;fle Vo/Fs = 195 - 132R + 0.316R*- 0.00257R° 0

L = _ _ 2 3

g Vo/Fs = 155 — 11.3R + 0.299R? -0.00268R
6. Bellander2! F. = 1.11(0.00082R>+11.03V,-32.7)***(MPa) 0
7. Weibinga2! Lg oFc = ko + kiR +koVp 0
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AEX B ME 20l U +F 25 3=
Al e? P | P.C Il P 1, HB .
| OP.C 1, 0PC I, OPC WL HBC | oyanye (v o
o8s Lh eI ANE), BarelH (ME),
ZH=EH| Z2|7I22MHAH(PY) Z2ax T (km/sec)
~=A, 2HA, MabE,
e a2, Au o
_Tl_xH
. s2ojolg, sl Mojel, | o
otz oot 2iotol #E : 7, 28, 56, 91
) OPC ESESAUCAUE HBC b2t EAHE
E 42 AlHlES 22X NE
oo sZ: | z= | o TENTY
MUE |y | 2EE (h:m) e | o (kgfform)
ST Mo "z [z | o) | 4 | 32 [ 720 [ 282l
OPC | | 315 3630 | 335 | 535 | 15 | 2= | 207 | 208 | 388
OPC Il | 315 | 3770 | 330 | 545 | 19 | 2= | 235 | 204 | 378
O.P.C Il | 3.15 3,250 4:30 7:20 1.6 i3 195 290 375
HBC | 320 | 4130 | 600 | 940 | 12 | 2= | 180 | 260 | 460

B | o | BEE | zEHE [ aE e g SiO; | =2 =t
= = = | (emig) (% (% (%) (%) | (28¢) (%)

Z2jolofAl | 213 | 2976 4.0 0.1 101 53.2 93.1

I 44 =31M e =28 H4F
=S| k= MT

FY | A A FME =4 | pH H| 5
z & |7 N (%) PH | p | 1%
Lmerall] | oA | etz | LpEERA | 329 | %18 | 628 | 207 | 1.168
el A ol o | Bkl HabalA 394 | et= | 7.77 | 1483 | 1.228
Ea7l2 20 | AN | g4 | E2|Ft2 2A | 300 | S | 684 | 906 | 1.092

E 45 MR 2a|X ME
A | zae Eag | ANE | ooeNEa
v g = ol
(mm) | (F.M) S (%) (%) (kg/ 2) -
Ol ™ AL
TH=A 5 3.04 2.56 1.01 67.45 1.73 ﬁl o ﬂ
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o AxF] =28 | . | EvE | AHE | celgNEY
T mm | Em) | B () (%) (ka/ 2) ol
>z 20 663 | 269 | 1.16 58.7 1.51
A BHE 20 664 | 260 | 1.44 59.5 1.43
x| Mepd 20 669 | 264 | 101 58.0 1.48
o HEH 20 691 | 262 | 1.44 56.1 1.44
ALH 20 703 | 269 | 148 56.1 1.51 s
==zo0jolE| 20 643 | 272 | 101 60.5 1.61 xpzt
of | =2s3|g 20 664 | 256 | 155 56.9 1.43
= | Mop 20 672 | 266 | 1.3 56.6 1.48
% | wopet 20 655 | 260 | 1.35 59.0 1.51
shzhet 20 665 | 278 | 0.89 60.0 1.59

2 TAA A Z}
ZIYE WYL & 1004 9] ZAA AELY HAME AL

gholofAl, AHE, JFEAE ??onﬂ 30%7F AXY g &, £ 1
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BT AYES] YFAT AFWHS KS F 2405 "F3YES ¢t
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SAE AEHH, o F3td HAdstges ST 5 A@el 93t
ASFEE M st er, 4% X+ Shimadzu®] UTM(Universal
Testing Machine)S A}8-3} 3 th
P e
7= a4 (kgf/cm) HeD
A7 g, FEBE (kgf/em?)
P HdstE (kef)
A BAAY @EF (em?)

615x30cme] FAIA ] W) 3cm Ao E ITEE FAZ O
25kgf/ecm’e] 535S 7ete] uAI F NY FrE fHE ALE
st BEHAZIE 0°2 253] EHASH & O HapoE wixE by st

WA galel FAIAE Apolol] F o]
9] 3709 YFHIAAE Zo|go g A3l HAXE P

Ao 7He 2 (420 s 2Hg s
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3. 43824 &4 2 HE

AFEAI R WE UREZAYES HIAY SAHEAHE 4.7
e AT
B ATINE s1Ee] ATATE Fuste] o 4S o] g3 A
gl HALAS Qo0 X 459 BARAe) As Jerlc
FC = q Rn+bVP + C .................................................................................... /\](4'3)
A7l F,: 4FBE (kgf/em?)
R, "%
Vp i 2e3dEE (km/sec)
a b C: A3%F
F 470@) AMEMEO wWE DA EI2|Eo A E™HAD}
SR R-NEN
ExE= NE=SN =]
7 28 56 91
Lpx EFRll A 546 697 746 797
AHE | OPC | H 2ol A 530 650 736 787
2 Z2| 722 AHA 539 689 750 800
SIS L EFRlL A 580 710 796 850
2= | oPC 2ol A 606 717 800 882
Z2| 722 A 639 761 850 911
=3 615 711 760 770
tEZLT =34 544 696 685 690
(kgf/em?) AR| et 603 755 713 720
a454A 624 771 756 767
== adA 594 773 759 781
=% =Z0PE 488 607 651 670
S35l 487 609 667 652
otEH Haoff ef 447 552 613 630
Holet 459 611 650 660
stzet 536 676 787 793
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T 47b) AFEMEO E D2 F2E Hdetdy FHZEL

= A (Y
S EEE e
7 28 56 91
C=arelA | 478 | 483 | 494 | 4@
e |OPCI | @elelA | 480 | 483 | 493 | 492
el Eelst2 o] 460 | 478 | 487 | 49
s UzerdlA | 489 | 498 | 502 | 497
24 | opcl | delelAl | 485 | 486 | 497 | 495
galstz=a| 495 | 490 | 501 | 504
e S 490 | 487 | 48 | 493
rE 587 489 | 489 | 488 | 49
o sxg | Hala 494 | 490 | 489 | 491
(km/sec)
357 492 | 4% | 498 | 508
se 2 490 | 49 | 500 | 506
=2 s=ople | 477 | 487 | 4% | 502
EEE 472 | 471 | 482 | 4%
oz | Hojfer 474 | 473 | 480 | 489
Hote 469 | 468 | 477 | 4%
atef 463 | 471 | 494 | 504
GEedA | 40 | 47 47 48
Agie |OPC1 | @t 41 47 47 48
el Eelstzeid| 40 | 47 47 48
s UzgdA | 2 | 47 50 50
25 | opol | watein 2 | 4 48 50
gelstzesA| 42 | 46 49 49
Sed 2 | 46 47 48
oh s 583 41 45 45 46
(R IR 0 | 4 46 46
457 2 | 46 46
se e 0 | 4 46 47
27 s=ople | ¥ | 43 46 46
R % | 4 45 46
oizw | Hojer % | 43 45 45
Hotg 3% | 39 44 45
ahzet 9 | 4 46 47
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smus | WB | RS 7 g
(%) (kg/m®) 3 7 28 56
165 462 558 669 699
30 175 517 588 723 804
185 532 615 412 782
) 165 402 502 606 701
obEZE
) 35 175 406 493 625 708
(kgf/cm®)
185 411 486 625 658
165 220 360 450 572
40 175 220 357 473 561
185 213 255 344 402
165 462 | 481 486 | 508
30 175 462 | 479 | 48 | 49
185 451 475 | 480 | 492
comac 165 459 | 476 | 485 | 486
I 5 175 452 | 470 | 474 | 490
(km/sec)
185 451 468 | 472 | 482
165 425 | 451 479 | 474
40 175 425 | 450 | 475 | 470
185 4.21 450 | 472 | 473
165 31 39 44 51
30 175 32 41 44 50
185 35 41 45 50
165 29 36 42 49
Hhgh o
35 175 30 39 42 49
(Rn)
185 30 38 41 50
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185 18 20 29 37
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¥ 2 Nurse-Saul &5 83

Rastrup2] A% A4 (4.23)37 Arrhenius?]S -3-8-3+ Frelesleben?]
AFBAA T (4.24)F ©
* Rastrup®] 7 & $H42HA =2

oo
QL
32
RIS

. ((77:__ TTQ)O) ................................ /.\J' (423)

A 7)A, a: zﬂﬂﬂgm A 2=
T: FHLE (C)
To: 7]%%& (C)
Tr: 7|42 % (20C) olt}.
- Freiesleben®] A & &-AHA] =2
o= [‘E}?a‘ .(%_%)] ................................ )v\J' (424)

Ts: 293 (273+20 :, K)
Ea: &4 3} 4 #|(K]J/mol)
R: 7]A *$<(8.314 J/mol)
T EAstdA] e 2 (4.25)F o]t FetATh
T = 20C : E
T <20C : E

33.5 KJ/mol
335 + 147(20 _ T) K]/mol ............................. )v\_]' (4‘25)

¥ 423 ¥ % 4138 NurseSaul &+FE $83 Rastrup 4 %
Arrhenius 25 583t Freiesleben 2ol 2|3t A H 32 ASFE LE
A ACZ Nurse-Saul &+E 383 Rastrup 4ol 93+ A& A
Tv 2% mgt FA4H-Q e 2 YEISE S ™, Arrhenius 4S &8
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3l Freiesleben 2]ol 2|3+ A HSAA| =

L.

o wah A4

= e s}
HE Hola o] 20T ol &xdAE &5 7} Zoldd wat A)

F35 AS7E 34838 SU7HE UER A ok
ZESH Rastrup 2]3} Freiesleben 210 &St 2| &4 AIFE Hlas] B

W 20T o]ste] 2&=olAX= Rastrup Aol 3k AHEAAFTE
Freiesleben 2]°] 2]3t AH 44 o A YEl oy
X+ ZA Yelar gl

¥ 423 M2 THHEAMAS
Y2 (T — Ty Ea, 1 _1_
() (T,— Ty eXp[ R ( Ts~ Ta )]
5 0.5000 0.292
10 0.667 0.497
20 1.000 1.000
30 1.333 1.574
2.5
— - —Rastrup
20 F
Freiesleben .-
. /
40 45 50
=2 T ()
J% 413 2x0 UoE M HeHAA S

Q =d= T 4%
4245 FALEo WE SUHAEY 4FFE SHEHE YeEd
ol 19 414= AH WE FP2=E FFAES YEd Ao
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AApE A EATAN 30%7F 35%] AFHTF
Elya ok 3 =T =E5F 27|AH
S HAFa o AHo wE Fre YL
Holal S & & Utk
424 SN 54 E 58 Z 1
UM2E 5T UAM2E 10T
ot=7}=
=N = =N
i (gtfor®) | m2 H
(d) . W/B W/B | (¥) ) W/B W/B
Rastrup | Freiesleben 30% 359% Rastrup | Freiesleben 30% 35%
2 1.00 0.58 185 106 2 1.33 0.99 242 161
4 2.00 1.17 270 182 3 2.00 1.49 291 204
7 3.50 2.05 361 267 5 3.33 2.48 359 292
12 6.00 3.51 454 348 8 5.33 3.98 423 360
20 | 10.00 5.84 511 400 14 9.33 6.96 520 440
33 | 16.50 9.64 596 468 24 | 16.00 11.93 615 540
56 | 28.00 16.36 675 600 42 | 28.00 20.87 690 630
100 | 50.00 29.22 785 710 75 | 50.00 37.27 771 720
kM EE 20T AMEE 30T
olx7}lC= otx=7|l=
%7XE4 H Ao L %7XE:’ =
A= A (kgf/cm?) N F (kgf/cm?)
() . WB | WB | (&) . W/B | W/B
Rastrup | Freiesleben 30% 35% Rastrup | Freiesleben 30% 35%
1 1.00 1.00 194 123 1 1.33 1.57 276 186
2 2.00 2.00 291 228 2 2.67 3.15 398 303
3 3.00 3.00 343 317 3 4.00 472 489 387
5 5.00 5.00 418 408 4 5.33 6.30 545 442
9 9.00 9.00 554 517 7 9.33 11.02 625 570
16 | 16.00 16.00 684 600 12 | 16.00 18.89 760 629
28 | 28.00 28.00 742 691 21 | 28.00 33.06 769 725
50 | 50.00 50.00 770 749 38 | 50.00 59.83 811 767
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- Gompertz curve

F ,=Foexp(—a(l/M) °)

o] 714, Foo | 237} %
M HakE=
a b IAAF
ol% o]g3 7zte] 2AYANE ArdE mdA AFEE 2
HE 7T 425 2 426, 4279 AASAT. TS Frd S mdd o 9
3 24w} A2AEete) BAE 18 4160 YRR
E 425 Plowman&le| A+=Z& Z3f
W/B S=a+b In(l\/l) R2
(%) . 0
30 153.23 230.10 0.9734
35 159.66 144.89 0.9894
¥ 426 LogisticAl 2| H+E& Z3}
_ F
wiB Foo= 1+ exp(— KlogM+ m) R2
%) Foo K m
30 949.70 0.7401 1.1739 0.9816
35 904.05 0.8170 1.5741 0.9932
¥ 427 Gompertzal el Al & Z1f
W/B F =Foexp(—a(l/M) °?) )
R
(%) Foo a b
30 1165.05 1.6587 0.3907 0.9827
35 1152.65 2.0546 0.4094 0.9933
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