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Effect of Tension Stiffening on the Behavior of Reinforced Concrete Beam
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Abstract

Tensile behavior in concrete has been neglected until recently. However, the effect of
tensile stresses in concrete must be considered where the member primarily carries tensile
forces or when ultimate strength is affected by the cracking history. In this paper, a series
of experiments were performed with a reinforced rectangular beams of 15 specimens in
order to investigate the effect of tension stiffening into the nonlinear analysis and cracking
behavior, The experimental results were analyzed in terms of load-deflection curves and
strain fracfure energy with respect to the main experimental variables such as types of
specimen, strength of concrete and steel ratio. The results from experiments and finite
elemment analysis were compared in terms of load-deflection relationship and cracking
pattern. The results are as follows:

The tension stiffening effects of reinforced concrete beams were observed up fo yielding
of members after cracking, showing strain energy difference of 35% at the beam of 057%
stecl ratio compared with that of beam ignoring the tension stiffening effect. The tension
stiffening of concrete strength 4001{gf/c:m2 and 600kgf/cm2 increased by 8% and 13%.
respectively, compared with that of concrete strength ZOOkgf/cmz. The tension stiffening
effects were greater at a ductile member rather than a brittle one. The load-deflection
results of finite element analysis showed very similar results from experiment. The crack
growth and pattern might be predicted from the nonlinear finite element analysis
considering concrete tension stiffening.
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Table 1. Experimental variables and details of RC beam specimens
Specimen Concrete strgngth Rebar(SD30) Balanced steel ratio o/ob Stirrup
(kgf/cm”) Dia, Each |Steel ratio(p) (ob)
L-05-A 2 0.57 0.1766 D10@100
L-05-B D19 2 0.57 0.1766 D10@100
L-05-C 200 2 0.57 3227 0.1766 D10@100
L-15-A D25 3 1.52 0.4710 D13@100
L-25-A D29 4 2.57 0.7964 D13@100
M-05-A 2 0.57 0.0978 D10@100
M-0.5-B D19 2 0.57 0.0978 D10@100
M-05-C 400 2 0.57 5827 0.0978 D10@100
M-15-A D25 3 1.52 0.2609 Dlie@ 70
T—ZE-—P:— D29 4 2.07 0.4411 Dl3@ 70
H-05-A 2 0.57 0.0796 D10@100
. H-05-B D19 2 0.57 0.0796 D10@100
H-05-C 600 2 0.57 7160 0.0796 D10@100
[1-15-A D25 3 1.52 0.2123 Dl3@ 65
EE:A_ D29 4 2.57 0.3589 Di3@ 59
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Fig. 1. Geometry and size of reinforced concrete
beams (unit : mm)
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Table 2, Mix proportion and strength properties of concrete

Design W/B | S/a Unit weight (kgf/m®) Comp. Elastic Poisson's
strength ) | (%) strength modulus G
p izl . 0 1a
(kgf/cm®) 7 W c S.F. S G 8P | (kgf/em®) | (kgf/em®) ©
200 56 45 180 320 - 820 | 1,002 | 0.960 215 202,457 0.17
400 35 10 175 500 - 673 | 1,013 | 9.000 371 294,845 0.19
600 25 35 170 612 68 561 | 1,041 | 14.28 605 340,304 0.21
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Table 3. Strain energy and loading points of beams

Strai
Per | Py | Pult T Detity
energy

(tf) | (&) | (tD) (t£ + mm) index

Spectmen

L-05-A | 7.366(16.533(22400| 63.747 | 16.300

L-05-B | 559916.133122.766 57.348 -

L-05-C | 3.300|15.900)18.600 47322 -

L-15-A [11.400|41.86645.533| 213.693 4,393

L-2.5-A |16.366 [ 71.066 | 71.066 | 466.743 1.000

M-05-A | 8.099|17.20023.800 68.575 15.100

M-05-B | 6.533)16.800|24.400 59.631 -
M-0.5-C | 4.86516.600 | 20.366 51.031 -

M-1.5-A | 11.600 | 44.166 | 48966 | 214.067 3.766

M-2.5-A |16.566 | 74.495 | 77.899 | 518.004 1913
H-05-A ) 859911820023.933 71.967 12.660

H-0.5-B | 6.600)17.60023.066 62.103 -

H-05-C | 6.299{16.800|19.733 52.785 -

H-1.5-A |12.266 | 46.599 | 48,900 | 220933 3.367

H-25-A [17.033|80.366 | 83.266 | 520479 1.298

of vlale] HZTle] AL HL WHIE o= ‘r/':ﬂ
o] FEAAR hF 3H5%9 FHAUA Heol S
EE AL & 5 itk gk, 22 ELY Q_]zal—

- 107 -



ST EFTEEA

419 A4E 19999 84

ZA el iﬂﬁ%’?‘f}%ﬂ o =A JElEh
L-25-A ANEA9 4% #3342 AddaH
075 pp T The H2 AIvR A FZe) TE5
71 A 2FYEL ARNA &I s B3
o ZF gAY EF-AHAY AAZRE AR
HyiAe oz OW% JESE TEPS o
00kgf/cm’E ZIAEE 7122 FE 400
kgf/cm®®t 600kgf/cm’ZF =4 Type-AE 7tz
3% 2 13%, Type-B= 4%} 8%, Type-C+ 8%
o 12% AT Z/4EE Uil wEd Qa7
4o gagze FEd 2A AFTE ¢ F A
o, 2aRE st ALSESE 27 gEEFol
Z7t) g AR RFEses T4
dge 2 ez vegou FEP4 oFd=
Aol A Y B T/ RO ki

3. ZHlof e TE
HoH) 9] Hste] ek &HE-AQel BAE Fig 6

8000 .

60 00

Load(tf)
5
1y

2000 .

. T T -
000 400 a0 1200 16800

Deflaction{mm)

Fig. 6. Influence of steel-ratio on tension stiffening
(200kaf/cm’)

~8ell e Fig. 6914 L-05-A Al@#
A g Aol HAs FEA7A Z2IBE
9] AF7FANe FEoE <lg BjHdY AFo] AZ
HI7} 152%9F 257%%) @A el vlsle] o &3}A
el e ), olef g AEE Fig 7. 8ol 7o
FAYESY BT 400kef/cm® B 600kef/cm’ol A
= vlezd Adg Hgoh AIEAE 29 o
Asge AUsEAy AL gEsEAe XA
o2 Wy dAX4z BEs=E 2397 057%

Bo oo .

R
k4
»f”/f
0 00 /
D oa0es
o
S —_— .
- ~
i M-2.5-A
2000 - M-1.5-A
M-0.5-A |
]
000

ooo 400 g o0 12.00

Deflaction{mem)

Fig. 7. Influence of steel-ratio on tension stiffening

(400kgf/cm®)

80 op

&0 00 .

40 00

Load(tf}

2000

Qo0 400 800 12 00

Deflection(mm)

Fig. 8. Influence of steel-ratio on tension stiffening

(600kef/em?)

- 108 -



2a4E

l'11

QA7 AL

ZAYHE BY AF w3

rlr

3%

£,
S

19 duR4E B 147 BER UE, 1
H7F 152%%] AlEAlAE Ha 3.842
A%E dEdt =8 2265
= ddAS7E 10~1908 dX%
27 AGEAT. ol Te AYAFRIH
= 2Adld TN ResE 23y
SR PEL mm CEESCE I
2 sk @k,

B
Y

=

)

o
Kl
fe
g
ok

[}

Jan]
1

7%

3y
e
>

eoim me &
oo o
ri
2 le, o
X
M
&l
-111

ri
Iy
R
fat
1o

!

4

~
H—v-
e

HAZ2ANE He 85 ¥y 24
EE gt A He A5 1 ﬁé*oa%
Hegoz o|isstd {3 fsM

P “}%it% sl ALg-H ﬂf—_:wa HE F
DR IY9) LUSASE ARESLSTh @ﬂe—ﬁal
B zdalo] Alg" Q4% LUSASHA A
de BW ds4d 249 A9 38%W BAR3

7

o f oM
o
&

ru[o
3!2 A

]

E
37
[=]

1
1
‘
1
I
l
1
|
I

£ «=0 /B Ad:8e £

Fig. 9. Tension-stiffening model of concrete,

(Uit . pmi

Fig. 10. Modeling of reinforced concrete beam

L4¢ £3E 3B QPME 848 AMEEH
o} Fig. 102 FZE3=E 2o TdyS PEM
ety %8 pdald ALY AR EAOFT
FAYUEY ¢EE, AdARLE, BAAAF D Fof
e AYLERE dojdl AAE ARSI
EZAYE] ¢AFAAL FHElr] ¥t Fig. 99
el wis} o) S3pE 780 gAY oF
2] §Hol AYHoF T4ade FdE FHLEHY
o, o7]A A el EdEz AFAY <l
AZFNAGT e 200, 400, 600kgf/cmel o &hed
74t 35, 45, 555 AMEEMGTH A BAsS
Tolzu)E 247} 2,040,000kgf/cm’S} 038 H-&3
gEoe 3000kgH/cm’E 7HYFGeH, &
AL Von Misese] |22 AMREHD o
de-g Eited Modified Newton-Raphson
BrES A 7P o] £

Bate] vl W) 4L s

FAALE %

2. dgdmet siMADte] vl

ZAYE Axd B AREAHL Hf42HAY
v EE Fig. 11~133 2t L-05-AAEA 9 &)
NAE A7 G Fgel s vud 4923
% 2 dXshe AoE uEgod, Aol of

4000 | .
ra
"
P
-
PP
3000 e
o
z <
s e
= .
o /.
m@ -
S 2000 K
— B
ra aals
€« jawm-wrw” fifisinit - -
I~ T r
AT e Tt e Analysis(L-0 5-8)
e
1000 ... VA Tt A Expenmental
< .
[ _ —  Analysm(l-15-4]
o
4 ¥ r's Experimental
.‘7 [ . o
400

a0o 200 400 ] 800 1000

Deflection{mm)

Fig. 11. Comparison of test with analysis results
(200kgt/cm®)

- 109 -



TETTEHHA AR A4s 10993 82

4000 - . —
——
r
7
30.00 "
—‘ / .
- Vi
= . * .
= .
) N
2 20w .
i P
/ . [ St S
/. I ———y,
ca e o [—— Analysis{M-0 5-A) ‘
10.00 /j."":.‘ : ! A Exparimantal \
{«:’:‘ | — - Analyss(M-15-a)
.
& | 4  Experimental
I —
O'DD T T ‘ T ‘ ‘ T “
0,00 2.00 4.00 6.00 B.00 10.00

Deflection(mm)

Fig. 12, Comparison of test with analysis results

2
(400kef/cm”)
-
40.00 | 7
Ve
s
3000 _] /
s
= s
= s
S o | .
/ LR
s e o2 e, s .
L \ ........ Analysis(H-0 5-A)
weo o /et A Experimentsl
/‘" [ Analysis(H-1.5-A) ‘
- a‘l l L ] Expenmental |
)
o0 \ I |
0.00 200 400 800 aon 10.00

Deflection(rmm)

Fig. 13. Comparison of test with analysis results
(600ket/cm®)

0.9mm ZE TAH lFREH Rl FHA 71
£ g 3JolE BYOw L-15-AANEAE &y
Zzet dydart vuy dAss A4S g
Wi gtk M-05-A% H-05-A% Z3YES 7
=7 F71e4E 98 oF9 AT d4F
#el 7FAe) thad A JeEntern, M-15-A%
H-15-A% wlzd Zge] & AAET it olsh
7 Zpole d4e] AMEH AFAGA Bl 93

AYRREYY uBy I22aYE B9 3¢
BAHS A2M 05%2 NPAANE TaHs
BE Q%] BAYel Wadel 2 WAL
M. 2ueE ARREAAS WA A
T Bl #2Y gFde) WANAT ¥z
9 FEe wAEA FUth M-15-ANY
A BFgs YA ATl YALIY
St 2, H-05-AdME HFoa 2e)
402 PARE BFLH ARTILY A}
%’:

4

o
<)
o) w4

I

2,
ol 09#
o o i
ng

YR vehgth L-25-A9 Al@AelM g3

HWE7A AT A Akl
g9 AulE TINE PEFAFTe] AA=HE
FEE VeI M-25-A% FE9 F4L §
AEA dEhgen H-25-A9 A$ B 24
GEAE ZAETT AT Fig UE /¢
2484 ARE FE F3AE ATl HIH W
Bol mE FEINES HYFAAS v T e
Wolth 423 JPAAE HZSHE kg
A AL H Fadol 4@ FTAS FASA o
Byl FIEES FEF B4 FIZIE
E B9 FA ALH= siF B dAe Z7e)
oo AL yvHEGH gETAY gD 7
g @R oFe] N5EE & 7 ANMTh

o W S A

£l o oy

A

[e)

=i

¢

v.d =

B a7eas 2asEe Ryl daea
AE B9 AS] wAE de neA7) sl
GET AN 2E A 482 TA99
3 2adEe IAPAE 1AW FE2L 4
2 e A9 ANg Bao

- 110 -



FAYE AFP4el A2EAYE B9 AL nAE G

A Miﬂ IJH “‘MMMHNHHDJMM A
A,

(a)L-05-A

et T Al

(cIM-05-A

! |

-

T T

t

AR TS

(e) H-0.5-A

et L e

(b)L-15-A

- G i |
L

L.
MR

(f) H-15-A

Fig. 14. Comparison of crack pattern of test with analysis results

)

4« FEMsiA A3
CIRELE-E

el SHAF B9 GRA7R FES 1F
3?2 gled EslEe QA E EEHS 9
gt FAEEL u AI2R|7F 057%< A DA A
oF 35%2] WA ao)E veb T

2. A% 200kgf/cm’e]l £AAEF JFELZ W
HolAg Al ¥zEg o 400kef/om’ %
600kgt/cm’ A= Al@ANM zzh 8% 13% =
71E G oA, ASEIHE BY AF
A TaPELY ARFFANL DEA] R E o}

Bold HIulst w3 A

Fagze AgAel FA
A 9Te PAE RoE Vet
Fe2s AHBF AT HF-AP BA
49aASG 2AHLE AAFE Aoz v
Ren, 2gs4 Ade 839 HEo w2
AFE FA9 DRAH dFe] g

- 111 -



f=THHA A4l A4E 19999 89

L wEe FEATACAE FARTR P4
HA BE N2 AEAFAE R L] 93hel
AU,

% 1n 2 #

1. Bazant, Z. P. Pan, ], and Giles., 1987
Softening in Reinforced Concrete Beams and
Frames, Journal of Structural Engineering,
Vol. 113, No. 12, pp. 2333~2347.

_ Chan. H C, Cheung, Y. K., and Huang. Y.
P, 1992, Crack Analysis of Reinforced
Concrete Tension Membeys, Journal of
Structural Engineering, Vol. 118, No. 8, pp.
21182132

- 112 -

3. Collins, M. P. and Mitchell, D. 1991,

Response of Members Subjected to Axial
Load (Ch. 4)", Prestressed Concrete
Structures, Prentice Hall, pp. 124~167.

. Guo, Z H, and Ahang, 2. Q. 1987,

Investigation of Complete  Stress-Defo
rmation Curves for Concrete in Tension, ACI
Material J, pp. 279~285.

. Massicotte, B., Elwi, A. E. and MacGregor,

J. G. 1990. Tension Stiffening Model for
Planar Reinforced Concrete Members, Journal
of Structural Engineering, Val. 116, No, 11,
pp. 3039~3058,

"London University Stress Analysis
System(LUSAS-Version 12)”, 1997, FEA
Lt, England.



