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ABSTRACT

This paper investigates the relationships between dynamic elastic modulus and static elastic modulus or
compressive strength according to curing temperature, aging, and cement type. Based on this investigation, the new
model of the relationships are proposed. Impact echo method estimates the resonant frequency of specimens and
uniaxial compression test measures the static elastic modulus and compressive strength. Type 1 and V cement
concretes, which have the water-cement ratios of 040 and 0.50, are cured under the isothermal curing temperatures

of 10, 23, and 50 .

Cement type and aging have no large influence on the relationship between dynamic and static elastic modulus, but
the ratio of dynamic and static elastic modulus comes close to 1 as temperature increases. Initial chord elastic
modulus, which is calculated at lower strain level of stress-strain curve, has the similar value to dynamic elastic
modulus. The relationship between dynamic elastic modulus and compressive strength has the same tendency as the
relationship between dynamic and static elastic modulus according to cement type, temperature and aging. The
proposed relationship equations between dynamic elastic modulus and static elastic modulus or compressive strength
properly estimates the variation of relationships according to cement type and temperature.
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Cement | Water-cement Age (days) Curing AT, GATE ToE ol Table 3 Zestsich
type ratio g VS| temperature () o] 3 &% é%}g—f] SHAAE Lolr 7] YA Fg 1~4
Type I| 040,050 | 1,3 7 28 23 qME olFe AFFSL adoz Jehhoh =3 A
Type V| 040, 050 1, 3,7, 28 10, 23, 50 AJAE £ ¢ 7@32}6‘ Al gdotatr] i A (3)L o) &
Table 2 Basic mixture proportions
Unit weight (kg/m°)
Admixture
Cement type w/C S/A - S G AE Super-
agent plasticizer
(Cx %) (CX%)
0.40 0.39 181 452 630 989 0.005 05
Type I, V
0.50 0.42 181 362 707 939 0.005 05
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Table 3 Experimental results

Cement | Water-cement | Temperature| Age Compressive | Static elastic |Dynamic elastic| Initial chord | Specific
T - " i fnc) ( dag ) strength modulus modulus elastic moduiuzs weight
ype ratio S (kef/em®)  |(X10° kef/em®) | (X10° kef/em?) [(X 10° kef/cm?)| (kg/m°)
210 2.07 29 246 2,330

1 222 2.18 293 248 2,380

209 2.08 2.98 2.48 2,380

314 2.45 3.49 2.67 2,360

3 323 247 347 290 2,360

328 2.39 346 2.90 2.330

040 2 391 2.61 368 3.31 2,360
7 377 2.64 3.76 331 2,360

354 2.66 366 2.90 2,320

434 2.95 336 331 2,340

28 371 314 390 372 2,350

Tvoe I 353 3.22 3.90 3.72 2,350
ype 111 173 251 184 2,370
1 119 1.77 251 1.84 2,350

108 1.66 245 2.09 2,350

227 2.33 3.21 267 2,340

3 223 2.29 314 2.75 2,330

218 2.28 311 2.49 2,340

00 2 286 2.49 345 2.89 2,340
7 257 2.50 3.45 2.89 2,350

281 2.44 344 2.89 2,350

359 2.15 3.79 321 2,350

28 377 2.88 381 331 2,370

371 2.72 3.75 331 2.360

36 0.64 1.35 1.02 2,380

1 33 071 1.40 1.23 2,390

36 0.75 143 1.21 2,390

167 1.77 2.33 2.46 2,390

3 166 1.82 281 2.48 2,370

10 169 2.00 2.86 2.66 2,370

252 2.53 346 3.16 2,370

7 243 2.27 342 297 2,370

257 2.37 3.31 307 2,380

331 256 367 321 2,390

28 359 2.65 3.69 3.25 2,370

341 2.62 3.78 357 2,370

109 151 2.55 2.27 2,380

1 121 152 2.49 2.27 2,380

134 1.72 2.52 2.30 2,350

227 242 334 3.09 2,360

3 240 2.32 3.29 2.79 2,370

252 2.18 3.25 2.64 2,380

Type V| 040 23 203 2,63 360 306 2,370
7 296 2.74 352 3.16 2,360

305 2.83 361 3.38 2,370

389 298 3.86 361 2,370

28 404 297 401 360 2,420

391 2.837 396 3.66 2,420

222 2.19 3.03 296 - 2,370

1 200 2.04 2.93 2.75 2,380

223 2.11 3.00 2.64 2370

303 2.53 3.44 3.05 2,370

3 321 2.55 350 333 2,380

50 324 2.46 343 2.99 2,370

372 251 350 307 2,350

7 381 2.70 358 364 2,360

356 2.68 360 3.54 2,380

457 2.81 359 352 2,340

28 458 2.78 3.65 363 2,360

458 2.68 3.58 3.43 2.350
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Table 3 Experimental results (continued)

Cement |Water-cement | Temperature| Age Compress}ive Static e%astic Dynamic 1elalstic 1Init.ial chc(l)rii Spgciflic
Type ratio () (days) strengt2 rn5<)du us msodu us e astlg modulys|  weig 3t
(kgf/cm”)  [(x10° kef/cm”) | (x10° kgf/cm”) |(X10° kgf/cm®)| (kg/m’)
20 0.20 0.71 0.53 2,350
1 23 0.42 0.75 1.01 2,350
25 0.47 0.82 0.82 2,380
103 1.32 242 2.18 2,360
3 113 147 2.50 2.28 2,360
10 118 1.57 2.67 2.31 2370
179 192 3.19 288 2,330
7 180 1.88 3.14 2.73 2,310
166 1.80 3.08 2.66 2,390
222 2.13 3.38 2.78 2,370
23 265 2.34 3.62 3.27 2,380
268 2.41 3.39 3.32 2,370
70 1.29 2.04 164 2,360
1 75 1.22 2.13 1.77 2,370
73 1.20 192 1.81 2.390
175 2.12 3.03 3.17 2,360
3 174 196 3.09 2.90 2,370
Type V 0.50 23 177 198 302 271 2360
228 2.33 3.30 2.92 2,360
7 225 2.26 3.40 3.04 2,370
228 2.44 3.44 3.19 2,370
%8 295 2.74 375 347 2,370
318 2.72 3.65 3.23 2,350
103 1.67 2.55 2.15 2,370
1 103 155 2.40 2.07 2,340
109 1.67 2.45 2.35 2.360
174 1.81 2.90 2.68 2,330
3 177 2.13 299 3.02 2,340
50 179 1.95 2.92 2.84 2,340
215 241 3.09 3.00 2,380
7 232 2.25 318 2.82 2,280
240 2.58 3.27 3.06 2,340
98 268 2.43 3.32 2.87 2,270
288 2.58 3.31 3.19 2,320
5 Water-cement ratio 59 Type V cement
& ] 040 050 . —~ —— Reg. curve of all data
g " A —— Typelcement: Curing temp. 23C e (@ =0.708. 5=0.263) .
E o A ... TypeVcement: Curing temp. 23C > % 44 _ _ Reg. curve of W/C=0.40 /,{
. 2 (a=0.728, p=0.279) .
2 [ | = 4
X 3- E 34 - Reg. curve of W/C=0.50
ﬁ @ (a=0.635, 5=0.217)
ks 5
g 24 g 2
2 tn 2
& ’ g
© 1 @ 1
o o Type | cement
:,,3 . . Z:g;gf Z:g;gg =2 —.— Reg. curve by Kim et a
0 T T T T M T v 1
0 1 2 3 4 5 0 0 1 > 3 a4 5
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Dynamic elastic modulus (x10 kgf/cm’) Dynamic elastic modulus (x10 %kgf/cm?)

Fig. 1 Dynamic and static elastic modulus with
cement type

Fig. 2 Regression curves of dynamic and static

elastic modulus
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Fig. 3 Dynamic and static elastic modulus with curing temperaure
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Fig. 4 Dynamic and static elastic modulus with aging
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Initial chord elastic modulus (x105kgf/cm?)

Fig.

Initial chord elastic modulus (x10 Skgf/cm?)

Fig.

Initial chord elastic modulus (x10%kgf/cm?2)
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Fig. 9 Dynamic elastic modulus and compressive strength
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Fig. 10 Dynamic elastic modulus and compressive strength
with curing temperature

o

b2 300 kef/emolste] 2Bl tid A} A9 FA}
& & & Aok AT AEFRE 300 kef/em'ol e} 2
&zto] B& LT 5) TE Sl FZag|Eo] A¥A
7 AL AFAE A0 kgfendoldte] E3E
of g AR} 300 kgl/en’olde] E2E dlgh A3}
o 2 XL Yl € & Aok AREd "E 7
o] A g X}OI% Aol M= A nie} ol
Lo w2 ZIYE Foied wiEs dnd £ Jo
a0 FAT FAEE Ao AT TAYER
o F3iEAo] W FgHe F o H4HA 43S 7}
A EHe 2R AL A FIEHOE LA X
itk 22 AFBEAME 2Ho] AL f’—iﬂEﬂ a
27 xg ZAYERG £ ¢ & sHASTE 7R
fom2 ol2)g At yehd & girk °‘°ﬂ/\1 A
F 7HA olf7t BgEo] Fg. 103 2 AWE 42 A
o2 A" Fg 112 AR wet s84AT9 45
=g vzstn g 29 vehd viet 2ol A3
neh SRS AEYwe JuBAE 2 A7t 8l
&8 % 5 ok

i)

ook

o
=]

D SRS JRaAe dRwlde Aued
Fhsh AR 2 % WA gelnk e, JHes

o wslol weh SWAIGS: HRIATS uwA

257} Z71ste] W) 1o A
gsige, ANE 2UAL olde FRUARs Jey
Aol BUWAE 2 29,

500] Type V cement ) Z7|detASe FRAAASY vle AedATs
< | oaoos e " FRAAFRS Bnn F vl 1 /i oo WY
S0 w4ty o g 20l FRAASS HIE Al UFUSAYS
SE/) o & T7days mD:+ Z BATE P T ool AY dAEE #58 +
5 a00q X s Hx Asich EF 2718BASe FRASY adAE
: r 29 Al A G A Bk
£ 200- P 3) YEUES SR ARAE FRAS
‘é 1 & A Jé-ﬁlﬁiﬂ FHBA S 2o] ARES] FH AEl=
§ 100- - 2 e WA QAT PPLEA e 1 Yan

- A7} Hakch oleie AARAL Wk ANE 4S5
00 I A 428 ARgEle] 2Tt
Dynamic elastic modulus (x10 Skgf/cm?)
Fig. 11 Dynamic elastic modulus and compressive #OFH
strength with aging
=259 AH0| 23RIES| SEIYHLt HEIAIe] ARRA | 0Kl= & 617



L A%, “ARAREAES &35 3L Y, B A9E 235, 1997. 4, pp. 109~119.

N
- A I s P T Sl 2 P B T e e 6. o]3]2, o9, e ‘%7 AH FAgE F3
E8t8)%), A109 23, 1998, 4, pp9~19. sxo AEd Agdd dFTIe|EdE =87,
2. Mindess, S., and Young, J. F., “Concrete,” A1248 62, 2000. 12, pp67~74.
Prentice-Hall, 1981. 7. AAE, AE wAE, “FHF7IY FRHAAATE ol&

@ 2708 eagss i 44 o2 9%aa

3. Neville, A. M., “Properties of Concrete,” The
g Ess =F3] A7H 53, 19%. 10, pp.164~171.

4th edition, Longman, 1995.

4, WFE, AAZ, $944, ‘3 EY Zﬂﬁ""s—}ﬂ 34 8 Bay, J. A. and Stokoe, K. H, “Field and
o fﬂﬁ} PPl ZH‘“"‘—J a3 (1), I=E3dE Laboratory Determination of Elastic Properties
3] =3, A28 63, 2000. 12, pp.23 34. of Portland Cement Concrete Using Seismic

5 HET, ‘”53" o|3 “FANYPS o] &3 23 Techniques,” In Transportation Research Re-
ZE FA)9 H]-’JM A 2 ag sty = 3, cord 1355, pp.67~74.

2 <
B =2 seAss AA9AT 2 SRS AAEAE FA2E A, AlMEY F5o) w3} AsduT o A%

S A mdgste BYAS AAstaat 4"35} o] {3t FATIYPE o) §3te] FFHTE 45t THHATF

g Al 42454 ES 53y Zq‘:/’f’“ﬂl—rs’Jr UEAEE TP AMEE 153 5% TEUE AUEES, E-AHEY

= 04014L 050, dHLEE 10, 23, %0 ’*1'5—’10}04 & TH3ch

SEAT A 4 %{r‘o} Ae /‘]“‘“EJ AFel &GS W] odth v, FARES Wl 1 EPE} 5

= q7J|l—r9} Aol A skl F %H H)7} 257} Sl web 16 Al Atk 271de g At
FAT vl Xé%‘éﬂl—rﬂ FEAAF HED F o 19 T 4EAES $eEATY i %EJ JA
o FeAGe) AnaAst 2o] AWES] FRsh AFole 2 I WA GUAT PP E mANE 1 ABIAT @
stcth AAE FEASS AEAT R FEAEY FAHANES o2 T AHES TR 2k WE FABAY A

5% @ Fagsgc,
HAS0 1 WAL, FHLE, 34T, L5, A%

618 =232 ESs =28 M133 6=(2001)



