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Cracking load analysis of slotted concrete sandwich panels under
bending condition
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Abstract: In order to reduce the impact of cracks on the bearing capacity and durability of concrete
structures, slotted concrete sandwich panels were proposed. The effects of slot depth and
position on the cracking behavior of sandwich panels during lifting and normal use were studied.
A finite element model was established using ABAQUS and its reliability was verified. Based on
this, parametric analysis was conducted using slot depth and position as variables. Finally, the
simulation results were compared and verified using theoretical formulas. The results show that
on the premise of effectively controlling the location of cracks, reasonable slotting of the bottom
of sandwich panel will not cause cracks to occur during lifting process. Under the condition of

simple support at both ends, the slotted structure mainly affects the cracking load of sandwich
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panel, and has a relatively small impact on the ultimate load. In the early stage of crack

development, by setting appropriate slot depth and position, the stress concentration effect can

cause the tensile stress of sandwich panel to reach a large value in the slot and its vicinity,

thereby achieving the effect of controlling the location of crack generation. As the depth and

number of slot increase, the location of cracks is effectively controlled, but it will lead to a

decrease in the cracking load of sandwich panel.
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Table 1 Material parameters
ok ML &/ MPa THIALE
C30 R #&E L+ 30 000 0.2
s Gl EAT 200 000 0.3
R 73 AT 2R 205 000 0.3
XPS #z 4 0.2
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Table 2 Concrete damage plasticity model parameters 1207
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Table 3 Concrete sandwich panel parameters

X HEIT 215 IENEE RS & /mm %t & /mm JEJE /mm PN I JE / mm R /mm | FRS A REZ
s A FQB1 2 800 1 860 150 50
B1-2 2 800 1860 150 50 2 1/25
B1-5 2 800 1860 150 50 5 1/10
La B1-10 2 800 1860 150 50 10 1/5
B1-15 2 800 1860 150 50 15 3/10
B2-2 2 800 1860 150 50 2 1/25
B2-5 2 800 1860 150 50 5 1/10
I B2-10 2 800 1860 150 50 10 1/5
DU ni 3E HE B2-15 2 800 1 860 150 50 15 3/10
B3-2 2 800 1860 150 50 2 1/25
B3-5 2 800 1860 150 50 5 1/10
i B3-10 2 800 1 860 150 50 10 1/5
B3-15 2 800 1860 150 50 15 3/10
NB2 2 800 1860 148 18
) NB5 2 800 1860 145 15
Ve NBI10 2 800 1860 140 10
NBI15 2 800 1860 135 35
i IR A SQB1 2 800 1 860 150 50
SB1-2 2 800 1860 150 50 2 1/25
SB1-5 2 800 1860 150 50 5 1/10
rh SB1-10 2 800 1860 150 50 10 1/5
SB1-15 2 800 1860 150 50 15 3/10
SB2-2 2 800 1860 150 50 2 1/25
SB2-5 2 800 1860 150 50 5 1/10
e SB2-10 2 800 1860 150 50 10 1/5
[LEiia SB2-15 2 800 1 860 150 50 15 3/10
SB3-2 2 800 1860 150 50 2 1/25
SB3-5 2 800 1860 150 50 5 1/10
o SB3-10 2 800 1860 150 50 10 1/5
SB3-15 2 800 1 860 150 50 15 3/10
NSB2 2 800 1860 148 48
) NSB5 2 800 1860 145 45
b NSB10 2 800 1 860 140 40
NSB15 2 800 1 860 135 35
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Fig. 5 Four-point support load-displacement curves
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Fig. 6 Load-displacement curves of simple
support at both ends
A F T 20 20 0 4L X H bR o SQBL
WA R . PREFRE TR AN AL A e T A RCHE R o B L 3
1 TT 24455 28 AL AN W1 5 B stk 3 b gl 8l
B TR LA ST A B B S B T R R . 4%
WA TT A AR L bR 1A SQBY R AR 2 47 4 7
206 AN . A TRIU AR S 1/25 I, JF 241 4
RGBS 6. 8200 s #RBUR AR AR 1/10 I, IF 2 i
BREARIYME A 10. 0800 5 MBIV ARARE 1/5 . JF



6 EAAFE TRFIR

2024

x4 FHEZFRTEH
Table 4 Cracking load of simple support at both ends

x5 FHEZMRETE
Table 5 Ultimate load of simple support at both ends

A G5 IF B9 2/ kN R EE/ Y A G5 e BR fi £/ kN R L/ Y

SQBI 48.12 SQBL 84. 30
SB1-2 43.55 9.50 SB1-2 83.54 0. 90
SBI-5 42. 86 10.93 SB1-5 83.47 0.98
SB1-10 41.43 13. 90 SBL-10 82.70 .90
SBI-15 41.25 14.28 SBI-15 79.54 5. 65
SB2-2 44.90 6. 69 SBz2 81.67 8.12
SB2-5 13.85 5.87 SBzs 81.23 3. 04
SB2-10 10. 82 15.17 SB210 81.80 2. 917

SB2-15 80. 57 4. 42
SB2-15 38.95 19.06

SB3-2 77.63 7.91
SB3-2 46. 07 4.26

SB35 79.11 6. 16
SB35 43.09 10.45

SB3-10 78.09 7.37
SB3-10 10. 82 15.17

SB3-15 77.09 8.55
SB3-15 39. 64 17. 62

NSB2 84.19 0.13
NSB2 45.18 6. 11

NSB5 78.84 6. 48
NSB5 42.32 12.05

NSB10 75.27 10.71
NSB10 37.08 22.94 NSBLS T S
NSBI5 31.73 34. 06
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Fig. 8 Sandwich panels calculation diagram
TR BE 1 52 e X8 B oo AT 3 % v 1 g BB i AR
FETEL B
bhyxo+ (n,— D A.xy +bhoay +(n,— 1Az, =

0.5bh—0.50hi+(n,— 1) (A.d —A.a+
Ah) +bhyh (2)
AP AL 2RI OB A R AL a2 R XA
T,
38 i 2 (2) 15 5 72 58 4 H A R 1B 1 Je i AR %
FE%E X jj]
_ 0.56(h: —h%) +bh,h
bCh,+h)+ . —1)(A+AD
(n.— 1) (Ad —A.a+AR)
bChi+h)+ . — 1D (A +AD
EE R A O TR R =R AR K s O]

1, . 1, . .
I, = Ebh'f +Ebh§ “+bhy (2o —0.5h,)*+

+

Xy

3

bhi (h—0.5h, —x,)> +(n.— 1A (xo—d )+

(n,— DA (h—x,—a)* 4)
o AR T A7 P P E R BUAE W 15
_ I
Woih*x() (5)

24 JER TR B8 52 137 300 2 L A7 38 B B AT 5
W ARIT 2L e AT 3T 245 5 M., A
Mo =W fu=7aW, fu (6)
s v BT R BT HE S R B 275 SR 15 I
. 7m=1. 35 fu IR BE L X PURL0E L 5 fu MR
BE AR EDTRL R
3.3 EBISH
Bobr ol #F SQBL LA K ik 4 NSB2, NSB5
NSB10.NSB15 i+ 8, Z2 8 H{E N 6=1 860 mm,
A, =248, 06 mm*, f4 = 2. 1 MPa, E, = 205 000
MPa,E. =30 000 MPa, ¥ (6) 1545 2 iy J¥
R IL A 6.
x6 FREE
Table 6 Moment of cracking

SRS WRHITRSE, | BT RS/ S
(kN + m) (kN » m)
SQB1 19. 26 17.96 7.24
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NSB10 15. 86 13.74 15.43
NSB15 14.12 11.73 20. 38
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Fig. 9 Shear lag effect on sandwich panels
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