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EFFECT OF STRAIN RATE ON STRESS-STRAIN
RELATIONSHIPS OF CONCRETE AND STEEL

By Minoru WAKABAYASHI, Takeshi NAKAMURA,
Nozomu YOSHIDA, and Satoshi IwAl

Synopsis

An experimental study is made to investigate the effects of a strain rate on fundamental
mechanical properties of component materials of reinforced concrete structures subjected to
earthquake load, those are concrete and steel reinforcing bars. Load is applied monotonically
or cyclically to a specimen under the prescribed strain rate. Range of strain rates in case
of dynamic loading is 0.005/sec to 0.1/sec. Compressive strength of concrete increases
with increasing strain rate. However, a geometrical configuration of a stress-strain curve
and the strain at the maximum stress are hardly affected by a strain rate. From tension tests of
steel bars, it is observed that yield stress increases with increasing strain rate. The behavior
in the strain-hardening region and the strain at breakage are not affected largely by a strain
rate. There is no significant difference beiween the stress-strain curves under monotonic
Ioading and the envelope curves under repeated loading.
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Fig. 1 Test Specimen of Steel Bar
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Table 1. Test Results of Concrete under Monotonic Loading

Nominal Specimen Strain Rate (%/sec) Sectional Maximum Strain at
Strain Rate : : Area Stress Maximum

ey | Nomber | er | S Gage | (e (kg/em?) | Stress (%)

1 0. 00208 0. 00167 19. 62 285 0. 265

3 0. 00206 0.00175 19.61 281 0. 296

0. 002 4 0. 00204 0.00169 19.75 295 0. 269

5 0.00212 0. 00181 19. 66 276 0.282

55 0. 00205 0.00184 (279) 0.288

6 0.520 0. 556 19. 65 304 0.278

7 0.538 0. 445 19.68 299 0.263

0.5 8 0. 620 0.477 19.85 337 0,294

9 0. 676 0. 493 19.71 334 0.300

10 0. 581 0. 546 19.67 336 0.308

11 1.08 1.09 19. 81 326 0.283

12 1.05 1.11 19. 89 352 0.295

1.0 13 1.27 1.26 19. 89 327 0. 268

14 0.93 1.35 19. 67 345 0.298

15 1.15 1.23 19.70 312 0.274

26 2.55 2.38 19, 86 314 0. 263

27 2.16 2.82 19.75 297 0.273

2.5 28 2.15 2.15 19. 82 321 0. 265

29 2.33 2.36 19.72 318 0.259

30 2.43 2.60 19.81 350 0.311

16 4,40 4.82 19.72 345 0. 306

17 5,57 4.23 19.78 366 0.301

5.0 18 4,80 4.85 19. 69 330 0.276

19 6.13 4. 44 19.79 368 0.275

20 4,91 5.69 19.68 339 0.285

21 5. 66 6. 16 19.77 361 0. 298

22 5.78 6. 77 19.70 339 0.288

10.0 23 8.18 7.21 19.76 345 0. 265

24 7.73 8.51 19.82 323 0.298

25 7.01 7.80 19. 66 323 0.283
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HERIC BT 2 EREORMIL, BEOBS2 v/ ) — M ERMICBESh 2 EEBHEZR L TO0.005/sec
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Table 3. Test Results of ¢150%x300 Cylinders

Specimen | Sectional Area (cm?) | Maximum Stress (kg/cm?) | Strain at Maximum Stress (%)
1 177.2 274 0.292
2 176.9 279 0.302
3 176.9 280 0.270
4 177.2 289 0.315
5 177.2 254 0. 296
6 176.4 265 0. 286
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Fig. 3 Strain Rate and Loading Rate Diagram (Concrete)
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Fig. 5 Normalized Stress-Strain Curves of Concrete

__7__



FABXMETER H25B-1 (1 54 4)
{F
0/Fc U (kg/cm?)
1.0r I ¢ =5.0% Isec
L /é =10 “%isec
300} €= 1.0% Isec
, € =25%/sec
L €=0.5%/sec
05} 200 ¢ € =0.002%/sec
100
€l/€E¢
0 1 2 3
0 05 1.0 e
Fig. 6 Normalized Curves Fig. 7 Average Curves
0 (kg/em?2) 0/ Fc
300} 1.0
% = ' ,
200 | // I <
I 7’ 051 N $ 150x300
L ¢ 50x100
100 ¢+ $ 150 x 300
Cylinder [
‘ L H/ €l€¢
0 .1 .2 3 ;. 1 1 1 il L "y 1 1 1 1 1 1
€ (%) 0 05 1.0
Fig. 8 Stress-Strain Curves from Static Tests Fig. 9 Average Curves from Static Tests
Felkgiem?)
0 (kg/em?) 550 1 L,
[P g
300 ¢ 300 et r - % -
< 50 x 100 e |
/ 25 ‘ I ‘ l
200 | 150300 o e " sirain le.w‘,‘lic)
Fig. 11 Maximum Stress versus Strain Rate Diagram
Strain (x10%)
35
100 ¢+
WI o —
t 2P O
€ (“/a) 28
0 R .2 3 i

Fig. 10 Average Curves from Static Tests

10 102

Fig. 12 Strain at

103 104 10%
Strain Rate{p/sec)

Maximum Stress versus Strain

Rate Diagram

8..._.



ER B -l SR 3V )~ MO BRI RIZTEEEORE

---- € = 0.002%/sec

€l€c
10 15
(a) €=0.005%%/sec
0/Fec No.39
1.0
05
€lec
0 05 10 5
( c) €=05%/sec
0/Fc  No.41
€rec
0 05 10 15
(e) €=05%/sec
G/Fc No.33
clee
10 5

(g) €=05%1/sec

0/Fc  No.38
1.0
05
/. ---- € =0.002%/sec
7
s €/€c
0 05 0 15
(b) €=0.005%Isec
O/Fe No. 40
1.0 /
05
€lec
0 05 10 15
. (d) €=05%1/sec
0/Fc No.42
1.0
€r€Ec
0 05 1.0 15
(f) €=05%/sec
OIFc  No.43
1.0
; €l€¢
0 05 10 15

(h) €=05%/sec

Fig. 13(1) Stress-Strain Curves of Concrete under Repeated Loading
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20, 21, 22 ICRT. AMO () M (b) BRBEOERERTES . BHEARREy —VIck 23BN
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Table 4. Test Results of Round Bars

. . *i

omina peci- rain ctiona. . astic ress cm ramn %

Nominal| Spe S;' SeAt‘ 1 Loading N];Zldt'l Stess (/o) | Swain (%)
Rate | Men ate rea odutus Upper | Lower .

(9 ps8c)| Number| (% /sec)|  (cm®) | TYPe | /em) | Yield | Yield |UMtimate] <o &
4 |o.0052] 128 M 2010 | 3.42 | 3.30 | 5.00 | 211 | 313
o005 | 13 |0.0083] 129 M 1980 | 3.39 | 3.24 | 4.85 | 2,08 | 30.1
10 |0.0054 | 1.29 R 1960 | 3.48 | 3.22 — | 21 -
3 |00101| 128 M — | 353 | 3.42 — | 19 -
1 |o48 | 128 M 2040 | 3.76 | 3.52 | 510 | 223 | 28.4
14 |0.500 | 129 M 1970 | 3.60 | 3.42 | 4.84 | 2.39 | 28.6
0.5 7 10.452 | 129 R 2010  3.70 | 3.50 | 5.02 | .98 | 27.2
8 10507 | 1.29 R 1980 | 3.76 | 3.60 | 4.99 | 2.17 -
9 |0535 | 129 R 1920 | 3.71 | 3.54 | 4.85 | 2.65 | 28.9
2 |4.59 1.29 M 2060 | 3.92 | 3.74 | 512 | 296 | 3.5
5o | 15 |529 1.28 M 1940 | 4.00 | 3.81 | 506 | 298 | 32.5
5 |4.73 1.30 R 2020 | 3.80 | 3.72 | 5.05 | 2.79 | 315
1 |42 1.30 R 1900 | 3.85 | 3.66 | 5.08 | 2.85 | 30.1
5 |o9.08 1.28 M 2040 | 407 | 301 | 5.21 | 321 | 311
10,0 | 16 (10,00 1.30 M 1960 | 3.85 | 3.66 | 4.60 | 3.02 | 29.5
12 19,98 1.29 R 1980 | 3.91 | 379 | 511 | 2.94 | 30.6

* M : monotonic loading, R : repeated loading
** o strain at beginning of strain-hardening
¢, : strain at breakage
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Table 5. Test Results of Deformed Bars
N(:;;ulgal Specimen Sl;ra'm Loading* folzstlic Stress  (t/cm?) Strain** (%)
Rate ate odulus | Upper | Lower .
(%/sec) Number (%/sec) Type (t/cm?) | Yield | Yield Ultimate | <., s
19 0. 0053 M 1780 3.10 2.85 4.93 1.45 28.3
0. 005 20 0. 0056 M 1730 3.01 2.89 5. 00 1.36 29.0
21 0. 0051 R 1730 3.05 2,94 5.01 1.18 29.5
22 0. 0055 R 1740 3.05 2.91 4.83 1.40 29.4
23 0.521 M 1690 3.21 3.05 4.86 1.61 27.3
0.5 24 0. 585 M 1810 3.31 3.12 4,98 1.53 27.4
25 0. 547 R 1780 3.19 3.08 — 1.57 —
26 0. 525 R 1740 3.24 3.10 4.99 1.50 28.0
27 5.43 M 1750 3.52 3.42 5.19 1.68 28.0
50 28 5.43 M 1710 3.51 3.38 5.22 177 30.9
29 4,06 R 1780 3.49 3.36 — 2.08 —
30 5.60 R 1790 3.60 3.47 5.19 1.89 3L5
31 9.18 M 1700 3.73 3.40 5.30 1.81 28.2
10.0 32 9.55 M 1690 3.53 3.32 5. 06 1.83 27.4
33 8.96 R 1790 3.72 3.42 5.24 1.66 29.2
34 8.42 R 1780 3.64 3.49 5.21 1.99 30.6
* M : monotonic loading, R : repeated loading
** ¢, strain at beginning of strain-hardening
¢, : strain at breakage
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Fig. 16 Stress-Strain Curves of Steel Bars
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Fig. 19 Ultimate Strength versus Strain Rate Diagram
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Fig. 22 Strain at Breakage versus Strain Rate Diagram
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