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Unified Non-linear Grid Model for Reinforced
Concrete Deep and Shallow Beams

XU Fangyuan , XU Dong
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: A reinforced concrete (RC) non-linear grid model
method is established by inserting the calculation section into
the structure to achieve the sectional stress redistribution
analysis. It considers the flexure and shear mechanism
respectively, and describes the behavior of RC slender and
deep beams from the cracking to the failure. Thus, it realizes
a unified analysis model for RC shallow and deep beams.
Several examples illustrate the accuracy of the capacity
calculation by the non-linear grid model method. The grid
model method can also reflect the mechanical behavior of RC

beams and provide design parameters.
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Tab.1 Four models for stress comparison
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Tab.2 Capacity comparison of Group 1

o B P/kN
WA EER— WHABER
Fo ik 136 126
Sk 143 134
MR EE R R 152 140
PR GRIE R D 135 128

3.2 BTH . WEHRETIRENRERNEARN

SCHRLT4TRS 4 ARG 1R BE £ R HEAT 58, tn
B9 Bm. X 4 HREEEA R ) R 85 A A BAH IR, 1R
fHRUNR 3 Pivm. 4 ARRHIAEER AR ACHL f1R
STM-T 72 85 o Btk A2 25 i 0K, 22 STM- H fl i
STM-M 1 875 B Az BT TRSER.

Tab.3 Material property of Group 2

g ; fy/MPa fu/MPa
EE  f./MPa 23 28 s 28
ACI-1 32 450 420 720 700
STM-1 32 450 420 720 700
STM-H 28 450 420 720 700
STM-M 28 450 420 720 700
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Tab.4 Stress results of the grid model of Beam ACI-1
wgw  MPERTEWEGR AT Rl Rl e SR
D1 OB HEDT —1.08 3.72 —4. 30 3.22 0.007 1 0.004 7
D2 OB FEDHT —1.64 5.57 —6.45 4,81 0,0107 0,004 7
D3 (BT —1.47 6. 26 —7.03 5. 57 0.012 4 0.004 7 0.007 7
D4 0.32 —0.06 6. 32 —6.19 6. 45 0.014 3 0.004 7 0.007 7
D5 —7.47 0. 60 5.29 —10. 08 3.22 0.007 1 0.004 7 0.007 7
D6 —16. 15 0.58 3.29 —16.78 1,21 0,002 7 0,004 7 0,007 7

AR BT B ) A B SO L TR L B SR A  (E T HCE T 3TN A TRt BY R
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Tab.5 Comparison of the calculation and test results of the flexural shear capacities of Group 2

Rpa Pua/ KN — Pg;;;N BiE ﬁmgm/msm Putse/Prats P/ P Pt /Psrvc REBRISH
ACI-T 1356 1349 1355 1349 952 1005 1.0l 1.42 1.35 AR
STM-1 1134 1217 1232 1217 592 903 0. 93 1.92 1. 26 AR
STM-H 1285 1279 1194 1194 676 1001 1.08 1. 90 1. 28 WY
STM-M 1276 1279 1194 1194 520 827 1.07 2.45 1.54 WY
FHIE 1. 02 1.92 1. 36

TRER/ 6.58 21, 82 9. 50
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Tab.7 Comparison of calculation and test results of

the shear capacities of Group 3-1
BB Vin/KN Vg /N Vsi/kN Vs / Vg Vi /Vsiv

930 Al 251 221 215 114 1.17
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24

460

2#13M
57|
2#16M
4420M

: —EloM@aes 15 PR AR
|_#M@135 1 | ] I

T— 5

ﬁlOM@“ #10M@90
1530

1o

455 455

E10 $F£=-18NHRERELTE A1(A2) (£ A mm)
Fig.10 Group 3-1 of RC beams Al1{A2) (unit: mm)
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Tab.6 Principal stresses and stirrup ratios of Group 3-1

B 11 $E=-2AWMERELTE R0-1/2/3( Bfi: mm)

PRI BmR g ER )/ MPa

WA BRI SKRRECH %

Fig.11 Group 3-2 of RC beams R40-1/2/3(unit:mm)

S1 2. 80 0.003 3
S 401 0.00600 050 2 #8 H=-2 ARHRELRHEELITSH
Al S3 411 0. 004 4 €.t
¢ Tab.8 Structural parameters of Group 3-2
A2 S 2,24 0. 004 1 0.002 8 o, 2 v 7 y 7
S5 0.72 0.001 6 Ok Bogm oS a/d ‘% o PJ‘A
S6 0. 58 0. 000 9 R40-1 30 350 690 2.0 3.6 0.63  0.63
T TEREGREEAR D, (OHE. R40-2 30 350 860 2.5 3.6 0.63  0.63
R40-3 30 350 860 2.5 3.6 0.63  0.63

3.3.2 BUES LRI RGBT RE )

T d HAEBETE R 010 00 551 K418 22 A7 i 45 ALK 40

ST RS S RE LRy )

R E2ANHARRI RN RESNRBSEIEHHELER

Tab.9 Comparison of the calculation and test results of the shear capacities of Group 3-2

7 Py / kN Pitg/ kN _ _ Py / Py ‘
ACI  AASHTO  EC2 A REEE ACI AASHTO  EC2 i RsER
R40-1 325 192 260 231 313 337 1. 69 1.25 1.41 1.04 0. 96
R40-2 240 188 241 231 255 277 1.28 1.00 1.04 0. 94 0. 87
R40-3 245 188 241 231 255 277 1.30 1,02 1. 06 0. 96 0. 88
FHE 1. 42 1.09 1.17 0.98 0.91
ERER/Y 16. 36 12. 98 17. 67 5.24 5.76

T BRI R P SCRR L7 1 89 “Rr R 38 b T 3+ 7 .
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