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Deflection Calculation Based on Stress-Strain Curve for Concrete in RC Members
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Abstract

The concrete structural design provisions in Korea are based on ultimate strength design. Up to service load stage, it is
assumed a linear stress-strain relation, but there is no stress-strain relationship for a concrete material from service load stage to
limat state. According to the current provisions, an independent method is provided for the each calculation of deflection and
crack width. In EC2 provisions based on limit state design, however, a stress-strain relationship of concrete is provided.
Thereby, it is able to calculate a strength as well as a deflection directly from concrete stress-strain relationship. In this paper
the moment-curvature relationship is directly calculated from a material law using equilibrium and compatibility conditions.
Then strength and deflection are formulated. These results are compared with the values from the current provisions in Korea.
From the results, the deflection based on a moment-curvature relationship is well agreed with experimental results and it is
appeared that the deflection after the yielding of steel is also possible.

Keywords : limit state design, ultimate strength design, moment-curvature relationship, deflection
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Fig. 2 Calculation of compressive and tensile force
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Fig. 3 Idealized stress-strain curve for steel
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Fig. 5 Strain distribution in a cross-section
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Fig. 8 Section properties of the beam investigated

Table 1. Analysis variables examined

No. variables
1 Eeu [%0] 0.30 and 0.35
2 Eu [%0] 3,5 and 8
3 hardening ratio [£] 1.00 and 1.08
4 p [%] 0.5,0.7, 1.0, 2.0 and 2.5
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Fig. 9 Moment-curvature relationship according to the
materials model

Table 2. Comparison of curvature obtained from various materials

model
KCI EC2
Moment - - .
[kN-m] . . with tension without
linear elastic stiffening  |tension stiffening
0 0 0 0

200 0.00226 (1.00)
300 0.00339 (1.00)
400 0.00452 (1.00)
500 0.00562 (1.00)

unit : 1/m
() : ratio to the value of KCI

0.00196 (0.87)
0.00314 (0.93)
0.00433 (0.96)
0.00554 (0.99)

0.00217 (0.96)
0.00328 (0.97)
0.00444 (0.98)
0.00563 (1.00)
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Fig. 10 Moment-curvature variation due to steel ratio

Table 3. Comparison of moment-curvature with variation of
the untimate limit strain for concrete

Ecu &o @ [1/m] M [kN-m]
0.0030 0.01683 (0.82) | 0.0345 (0.82) 354.9 (0.99)
0.0035 0.02058 (1.00) | 0.0419 (1.00) 355.3 (1.00)

() : ratio to the &,~0.0035
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Table 4. Comparison of moment-curvature with variation of
the untimate limit strain for steel and steel ratio

P [%] ) & o[Um] | M [kN-m]
0.0035 0.03000 0.0492 183.2
0.5 0.0030 0.03667 0.0597 183.3
0.0035 0.04460 0.0724 183.3
1.0 0.0035 0.02058 0.0419 355.3
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Table 5. Comparison of moment-curvature with variation of
the hardening ratio, k

k Eeu Eo @ [1/m] M [KN-m]
0.0034 0.0201 0.0408 355.2
1,00 (0.98) (1.01) (1.00) (0.97)
' 0.0035 0.0206 0.0419 355.3
(1.00) (1.03) (1.03) (0.97)
108 0.0035 0.0199 0.0408 364.9
: (1.00) (1.00) (1.00) (1.00)

() : ratio to the #=1.08
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Fig. 11 Section properties of the beam investigated

Table 6. Mechanical properties of materials used

Je I e . Yol hardening ratio
[MPa] [MPa] U s [%] [k]
41.2 460 0.0035 0.05 1.58 1.0 & 1.1

- 388 -

Avts vEpdth e =88] o] F A 7IEel
o3t AR A Axe} AR gk YeRa

FEA] FAEHEE °F 62 kN-mo|iL, o] o HFL of
9.5~9.7 mm F=°|t}. Fig. 129} Table 7012} o] a4k
ol E=g8ly] o]xe] 7} Vel w2 ARe] Apol= oF
1~30% A== e, o]t Zjole JEAJelo] 25
of we} HaF F71EE Bt o] o fARTH2AIRGE
NS Ak ZIYETZRAA7E 23 AR &
olFofx= o o Alkte] BrFsEldo, B FE S
5o gk 27 HE NS =94 EC2l o3 X7 3
AAlells G o] % SR Aol tis] daE 2HY
o] 7Fsgt AoE Uehdar HHe s Aue A3 A}
o} vlwA fARGE ghs B

Aol A7t 119 A, FEFE oddle AR
2to)E HAYAZIA] RAE, - o] % TS Aol -3
E IEREE oF 13% A% VPR Ao® vEhith

'F\‘;JFII

o}

. -+ -4+ experimental
---&-- KCI
—&— EC2-distribution
—8— EC2-integration
—#— EC2-ecu=0.004
=@ BC2-k=1.1

Moment (kN-m)
-

0 5 10 15 20 25 30 35 40 45 50
Deflection (mm)

Fig. 12 Comparison of deflection

Table 7. Comparison of deflection calculated from each code

Deflection [mm)]
EC2
(1) @) 3) 4)
0.00 0.00 0.00 0.00 0.00 0.00
1.00 |0.52(1.00)|0.53(1.02) | 0.60(1.15) | 0.53(1.02) | 0.53(1.02)
2.00 |2.53(1.00)|2.07(0.82)|2.95(1.17) | 2.07(0.82) | 2.07(0.82)
3.00 |4.34(1.00)|3.87(0.89)|5.27(1.21) | 3.87(0.89) | 3.87(0.89)
4.00 |6.03(1.00)|5.70(0.95) | 7.52(1.25) | 5.70(0.95) | 5.70(0.95)
5.00 |7.72(1.00)|7.57(0.98) [ 9.77(1.27) | 7.57(0.98) | 7.57(0.98)
6.00 |9.28(1.00)|9.40(1.01) |12.10(1.30) 9.40(1.01) | 9.40(1.01)
6.20 |9.59(1.00)|10.78(1.12)[13.49(1.41)[10.66(1.11)({10.78(1.12)

M
[kN'm]|  kcI

6.30 - 15.70 18.14 14.51 15.70
6.37 - 27.03 24.48 19.31 27.03
6.38 - 32.14 31.92 20.29 32.14
6.385 - 35.01 3431 20.66 35.01
6.394 - - - 21.76 47.86
6.47 - - - 34.88 -

(1) average curvature approach

(2) direct integration approach

(3) in case of hardening ratio k=1.1 (average curvature approach)
(4) in case of &,=0.004 (average curvature approach)

() : ratio of the deflection in each case to the deflection of KCI
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