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EXPERIMENTAL STUDY ON THE EFFECT OF LOADING RATE
ON THE BEHAVIOR OF STRUCTURAL MATERIALS
AND MEMBERS (Part IT)

By Minoru WAKABAYASHI, 7akeshi NAKAMURA, Satoshi Iwal, Yukihiro WATANABE,

Yoshihiro Or1T0 and Yasuhiro HAYASHI

Synopsis

Dynamic and quasi-static cyclic loading tests of steel bar specimens were conducted, and the
effects of a strain rate on the stress-strain curve of steel were examined. Stress-strain relationship
of steel under cyclic loading in which the effects of the strain rate were taken into consideration
was formulated on the basis of the test results.

Effects of a curvature rate on the behavior of steel beams and reinforced concrete beams
subjected to dynamic cyclic bending were investigated experimentally and theoretically. Steel
beams and reinforced concrete beams were analized using the formulated stress-strain relationship
taking the effect of the strain rate into consideration. Increases of moment bearing capacity with
an increasing curvature rate were recognized in both of theoretical and experimental results.
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Table 1. Test Results of Steel Bars

Specimen Strain Rate Yield Stress
No. é (sect) oy (tfcm?)

1 4,87x1078 2.17

2 4,96x1072 2,81

3 5,15x107° 2.21

4 5.00x10-3 2.55

5 4,69x1072 2.78
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Fig. 4. Stress Rate and Strain Rate Diagram.
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Fig. 5. Comparison of Virgin Curves.
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Fig. 7. Comparison of Stress-Strain Curves
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Fig. 8. Idealized Stress-Strain Relation of Steel.
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Fig. 9. g versus Strain Rate Diagram Fig. 10 Z4 versus Strain Rate Diagram.

Table 2. Variables and Constants Used in Analysis

ay=0oy (ay log é+By) * t/em3 (&> 50 pfsec)

Ty
‘ oy=0yo t/cm? (é < 50 pfsec)
£ £1=2100 t/cm?
Ea i FE2=199.2 (az log §+B2) tfcm3 (&> 50 p/sec)
| E2=199.2 tfem? (&< 50 p/sec)
Es | Ey=21 t/em?
Es ‘ E4=—3738 t/cm?
ay | ay=4.73x10"
By ' 8y=1.204
az | az=9,42Xx1072
B Be=1. 405

*g40: yield stress at static loading
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(a) Specimen No. 3 (b) Specimen No. 5.
Fig. 11. Comparison of Analytical Results with Experiments.
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Fig. 12. Test Specimen of Steel Bar.
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Fig. 13.  Testing System. TPhoto. 1 View of Test of Steel Beam.

©—28/(8+ a?)

G 28(a2 =87 /(at | B2
Itz A 8 1 a 1T LT /& & 22 Tr
WFL AU K D M oA Bl 8 vz TH UL
BRSO MR ML ¢ b —iE L8 D, B > TREATIEE)
b7 vRTHMENIHISIcbA s Ea v P o— 3
T 4= By 7 UTHU b 2l § % iz L7525 &
Fig. 14, Measuring Displacement. USRI L, MAMIED 0> FTORBYZ M~ 2 2

EEHNE UTHi 2 OMILTHEEE 718 - 77,

(1)

4.4 EEER

#1e 100mm  ORIKED RIS L O A RSO BRIUE ST 3. 21 em? Tds 72, Fig. 15(a)~(d)
BRI R DS IVl € — 2 b RIEE T, Table 3 (10 &k ERIA 0D Ik K JI150) 4 i1 P
W) Lonax, HUF72D A8 %57, Fig. 16 108884k No. 2 0Bl frlks (¢=2.06x10"%em !sec™) o) fif
TR AD HDUGLBEZ 1 F o BRI ST T 5 TORHBIZAEME No. 1 S5 No 4 (2L, 2he
NFYO0EE, SR, 0.28, 0.05FbTH 7z, Fig. 17 (2" AUt ) 4 i i 5 139

B MRS 8 A a T ILNTH VNS N E T B &, DDA ¢ (3 ¢ =25/a® E185. KBTS
ND 6K 2.2mm FUETH b, ZDYNTH ¢ & ¢ ORI @/ =20.00x10"1/1,997 x 10 1=
1.002 f 5Tl 5,



R RE=pa s R Rk R 2t ok 3 ET RO BB T 5 RBRIGHTE(Z D 2) 159

M (tcm)
50
25
0 x10°(em")
-3 -2 -1 [ 1 4
-25
6=1.15x10"
S (cni'sec’)
-50
(a) Specimen No. 1
M (tcm)
) @ xi6¥em')
1 2
9=310x10"(cmi'sec’)

M (t-cm)

 x10%(em")
-2 5
$=2.06x10™
(em'sec”)
i
(b) Specimen No. 2
M(t-cm)

50
25

o x10%(cm™)

4

é=1.72x10%cm’'sec™)

(c) Specimen No. 3 (d) Specimen No. 4
Fig. 15. Moment-Curvature Diagrams of Experimental Results
Table 3. Test Results of Steel Beams
Specimen I Curvatare Rate Maximum Load i Displacement at Lmax
No. ' ¢ (em~! sec™!) Lumax (B & (mm)
1 1.15x10 ! 6.89 0. 982
2 ‘ 2, 06107 7.55 0.420
3 | 3.10x10°3 7.96 ) 0. 470
4 i 8. 47 0. 499

1. 72x107?
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Fig. 16. Loading Rate and Displacement Rate Fig. 17. Maximum Load versus Curvature
Diagram. Rate Diagram.
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Fig. 19. Test Specimen of Reinforced Concrete Beam.
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Photo. 2 View of Test of Reinforced Conerete (¢) Specimen No, 3

Beam. Photo. 3 Specimens after Tests.

Table 4. Mechanical Properties of Conerete

Specimen Compressive Strength ‘ Strain at Maximum Stress
No. (kgfem?) o %

1 321 0. 204

2 332 0.183

3 362 0. 203

Table 5. Mechanical Properties of Reinforcing Bars

Young’s Modulus ! Yield Stress l Ultimate Strength Strain at Breakage
(t/em?) o o C(tfem®) (tfem?) (%)
1,96 10° f 2.49 } 4,07 30.3

e 12
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Fig. 20. Moment-Curvature Diagrams of Experimental Results.
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Table 6. Test Results of Reinforced Concrete Beams

Specimen i Curvature Rate ' Maximum Load Displacement at Ly
No. [ § (em™ sec) 1 Lnax () § (mm)
1 9.20%10-¢ 1.01 0.120
2 6.00x10- 1.24 ‘ 0.124
3 1.90% 102 ! 1.39 0.161

t M (tem)
Lfgd( ) o
1.4 12
1.2 P 15
1.0
10
08,55 10 107 107 102 10
Curvature Rate (cm'sec™)
Fig. 21. Loading Rate and Displacement Rate Fig. 22. Maximum Load versus Curvature Rate
Diagram. Diagram.
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Fig. 26. Stress-Strain Curve for Concrete with

Fig. 25. Stress-Strain Curve for Concrete. Cyclic Loading.
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Fig. 28. Moment-Curvature Diagrams of Analytical Results.
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