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Nonlinear Computational Model for Predicting Flexural Fracture Behavior of
Reinforced Concrete Beam Based on Beam Theory
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A nonlinear computational model for predicting flexural fracture behavior of reinforced concrete
beam based on Euler-Bernoulli beam theory. The bisection algorithm and Newton method are
applied to solve the respective nonlinear problem for the neutral axis and equilibrium due to the

material nonlinearity of concrete and steel. After formulating the four-point bend problem of

reinforced concrete beams based on the Euler-Bernoulli beam theory, several numerical examples
are presented to verify and validate the proposed nonlinear computational model.
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(b) Distribution of strain and stress in nonlinear state

K-1 #&EHa>oJU—rEO o 4 SphiFRIE

AT, B-212R”T 512, SHOBRET LV
WK 2EMET N, a>r 2 ) — MZERERZ 2 B
EFN, BlRMIEMREREE S L T2MKET LE
ZThZNWHT 5.

K (1) ERCED ONE z 1T 2l RN, R
(2)~(4) 1318 2 1281 % RCIEH oW (AT, RC
Wim) WNTH D ORI TH 2. FiE - ZREHD
Hr, Thom 4 XEE X THTIE, RCIEhoX
oA RS 2HFE— X b - iR 5 - 0F
AERDDZENTES.

g ay sV — ot - 0T ABERPIERE T
H 556, RCWIHICB LT 2 78 A7 B X R I KT
LCELT 2720, MED ¢(z) TH 2 & = OHIEIN
B2 R 2 IEREL B BED D 5. HILHIE
HIZBWTHT 1 DFET 5729, RS TIdHIr
AT E % KD 2 IR RIS 2 ke LT, =%
ErHW3 T3,

—7%, RCHIHDIS 732 fE7 L TR b 2T
=X M, 3D OPEER (1) ZRE T 5 IR
SRz, HAUE D OIERRIE RS % [RIRF I < 2
WH5BH. KFETIE, HIFE—X Y M —EBe R LR
W AB X% n3EIL, HIRRAINEZ W2 BE= 2 —
FrEREAT kD, Q) 2T 2y
fizRkDBZrrT3. £, FOAOHMGHEEEHR
TEZhHEL LT, RAEMEFEOFEICH D BififiE
FEEEAL, RCEDDEDLAERDZZLETS.

3. REETFTIOZHMREDR
Z2EODPBEEOWRICBVWTEBMLZ RCIEHD 4
MHETEER [4) 2R T 5. RCIED OSE LIRS
2R3 ITRT.

FEEREE D LR X N2 SR [4] 1BV T, BEOIG
-0 FAMHRROIES O OTRIZFLAYRoiwn, &

F2BEETET¥#EES
o
A
Ooy+—7r— M,
E;
> &
Hs — 1Oy
(a) Steel
7GC
E.
£ <
g Gt
Y
o)

(b) Concrete

®-2 MEETIL

{ y
(NENNEEEEENEEENEEEEEEN),
B | | T
200 450 450 450 200
oF [mm)]

M —D10

o

BT P
T
35 80 35

K-3 #@Ha>oU—kEIOD 4 SilFRER

IOMEEBIOIX SO NS weHlifriah 270, #k
DB T X — 22 RITRTEEEE T 5.
Es =200 GPa ;

H, =2 GPa; os=400 MPa

—7%, a¥ 27— bOEMERABICEVT, EERE
30~40 GPa, JEHEHEEIX 40~50 MPa DIZS5OE DR
LB, KIFETIE, ZhoDEso%x%2EEL, av
7V —+rOMERIEY LT, R-1LISRT 57— %k
TRz $3. ZIZT, Case 1~4 133 RE Y T
HREDZNZhOR/MEL RKEEEI DR 725 —
2, Case 0 IZFMERE Y EHERE 2 Zh 2 ME
LT —RATH3B. Er—RBWT, ary27Jy—h

-D-12-02 -



© —MRAFEABARGEIER

D-12-02

F-1 AV )—FOMENTA—4

E. (GPa) o. (MPa)
Case 0 35 45
Case 1 30 40
Case 2 30 50
Case 3 40 40
Case 4 40 50

D5 [RIBEIIHEAFRE D 1/10 £ F 5.

KR IRERETNVOME - ZNERERBR L7
7%2E-4 1T, IBRETFTATE, 227V — 05|
RZBHEMEMREE LTET ML TV, a v
) — OO CEINFERIC, EBRLD bEE RS
ET2PEHEINATWED, ZALANDOEEIZEREY X
—HLTW3,

R ET M X 2 IFIE AT I E72 AJELE, RC
EhoE BXUOSHrarysy—-rorhEN3 D
DMRIANRTG X —=2TH 5. BREFOBEFREE 200 GPa
BETHR b TB Y, BEREREIZD 1/100 F2E
LT, ¥/ary2V—o5REE%Z EMmEED 1/10
REr TIUE, FENCDRELREZ AT X—R1F, #
ORI S, a> 27V — b ORI L JTEREEE D
3DERB. T2ol3DDMEINRT X =2 ERD B720F
T, RCIZD OEBERE B WIEREE T, »OoMHICH
W28 TE3.

4. HHHIC

AR T, a> 7V — MEEYOBUEMAT IS
% V&V IZANIT, #FBEER o RC D 2xfgic, +
A T7— R X —A4 DY BEEHCHED S FEREETE T
FURRREL. BREFLTIE, RCIED OMEIERR
TEREICBWT, BRERER Y OHEULEN Z v
3, WM ARG WE T 2 e IR D

BBEEETHHER

T ! '
100
z
)
,% L —— : Experiments |
3 50: .......... : Case 1 i
———:Case 2
L — :Case 3
: —— : Case 4
0 |
0 5 10 15

Displacement (mm)

B-4 RERCREEETIICHITZHE - BURFROLLE

IR BoTWS. BIEMREZIZIZER L ABRED
Teho, REBETVFHEGMIRD 7% v RC
b DIFRE I EEB %, FHERH 1 DR CHEICE
5ZLDTELZHETHS.

BE

[1] Guide for Verification and Validation in Computa-
tional Solid Mechanics: ASME V&V 10-2006, The
American Society for Mechanical Engineers, 2006.

(2] bHMSE, MREE—ES, EAME v Ial—a
> DL & Z YRR (V&V) 12BES 2 W5,
ay 27 Y— I, Vol.58, No.11, 2020.

(3] EHAMBRRE, IREGS, (iAEL, bEHESR, RiRE—
BS, /NERZ HEmICE O Kk v 27V — MDD
DIFPEEEE T N DHIFE L Z DBGESL & 0z 4%
a8, HAGHE T2, No. 20210020, 2021.

(4] BMRE, MRE—ER, AL, EHEAE, NE
KZF D S OEBICHAT 72 RCI1E D O—F ik
IR, TARFRICE A2 OCHTIE) , Vol.7s,
No.2, pp.L.411-1.420, 2019.

-D-12-02 -



