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Abstract: Due to the aging or functional changes of the buildings, the existing floor slab can no longer
meet the requirements of bearing capacity and needs to be strengthened. Taking a reinforcement and
reconstruction project as the background, this study investigated the influence of different parameters on
the flexural performance of a floor structure strengthened with newly added steel beams. Five analysis
models were established using finite element software, considering both the connection modes between
the steel beam and the floor slab as well as whether the floor surface was strengthened by sticking steel
chips in the direction perpendicular to the steel beam. The results showed that under all kinds of
strengthening methods, the steel beam and the concrete slab were subjected to bending together, forming

a tensile plastic zone on both sides of the beam, and the floor slab exhibited no negative bending moment
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in the direction perpendicular to the steel beam. When the interface was connected using adhesive or

studs, the flexural bearing capacity of the strengthened structure was about 2 times that of the original

structure. When there was no adhesive at the interface, or if the adhesive had failed, the yield load of

the strengthened structure was still 3. 11 times the design load. Setting steel chips on the plate surface in

the direction perpendicular to the steel beam had no effect on the bearing capacity. When setting adhe-

sive at the interface, the contact stress distribution between the steel beam and the floor slab was the

most uniform, the stress on the anchor bolts at the beam ends was the smallest, and the cooperative work-

ing performance between the steel beam and the floor slab was the best, followed by the method strength-

ened by setting studs at the interface.

Keywords: steel beam; floor slab reinforcement; finite element simulation
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Fig. 1 Building plane and locations of additional masonry walls
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Fig.2 Field photo of floor slabs strengthened with steel beams
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Fig.3 Detailed drawings of the connection of floor slabs strengthened

with steel beams
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Fig. 4 Schematic diagram of the connection between the slab and the
steel beam of the model SR-S-A
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Table 2 Parameters for constitutive relations of concrete

REE Ik LR /A o X Btk
+  BiE/MPa W R /% b0eo EY
€30 30000 0.2 0.1 116 0.6667 107

Sl SO0 528U B T I 93 590 B P T
{4 HAEL 5 K 3240 2 5 32 T S0 I 0 0 L

189 K H AN SR B Q235 8944, IR A von Mises
e I VR DU, 7 g — AR O FR 4 R I AT A A
I\ A >R HI HRB400, Fiii /i & F] HRB335, HoACH ¢ &
%% GB/T 50010—2010 ff 5% C. 1 HUfA .
3.1.3  FRITEEES RAK KI5

T BT Ry T, R FH 8 &% 5 N T A £ 4 ik
T4y SE AR BT C3D8R B HLTR B £ UK | AR A9 i 42
M R A R T AE AR A3 s R 2 45 i S 4L P MT AR
TCHELL5M A7

FE RS ROSE 5 T, B A R A 5 e T 3 2 () Y
2 fuh T A7 SR 43 BT 1 2 AR N 2, 0Tk R 43 T R RS
i, e YR E - AT A R ST R 50 mm, I AR =
K AR R 50 3 A A o RIS, R 4 i B ROR 1
N5 M)A E 0 D0 T K LAt 3 43 X A% 3 S K U
TR BE 4 3 92 58 5 5 1) B 2 X0 43k 2 A A T B
T3 1005 B30 43 SRy 5 A A% 5 70 9 G i 3 5 )R B T 1)
Xl 53 S 3 A A T I AR s B 5l Rl 43 Sk 10 S 1)
M AN A BT B 100 mm s £ A9 I K 58 O 1) R~
¥ 10 mm, WV BE 7 0] RST 28 5 mme AR A% 2
SIS f R
3.1.4 A Ml R AR

A #5552 ) A B R R RO G R
(Embedded) , A~ 25 [&84 7 55 1R BE + = 0] 1) 6 45 0 7%
YER o 26T AU 3 5 R0 00 3% 12 07 =X, 2 SR E 1
JiE 78 R0 B A R K U8 K T 8 i L i 1T R
Cohesive 12 it 77 20, $ il S Bon 6 3 Frs s 24 K8 %
FH e 766 750) 55 o 8 7K e 3% A, L fh T SR R B 4
fil | ey ) B S WP i, U ) A R AR R B R
0. 3" MR R AT 7 4 i, AR BT 5 AN R B 0
(Tie) , Y50 32 55 0 A =2 ] 162 JB8 488 422 figh | [W] B L A4 4T
i AR o 24 A TR AR ) B R AR TR DU 4K
M B, B9 AR Al 5 R A T 22 8] SR FH Cohesive $ fiil

206

(a) TRBE L85 WS X 43

(b)) 51 S T8 2 P A Jal 2

B 5 AR R R o
Fig.5 Meshing of models

ACE6), S Bm 2 3. & T RUHI 3 I A 15 A
% 32 2 J7 3, T A T o A O R TR R AL AT
WEERL . KT AW EZRT EREETT A,
TE AN 5 AR A HEAT 90 0 1 4% AR RS
G 0 B AL R A Ak, AU A A9 e AR B8 £ R R 48
TEAEE AR o RSB g B R W R AN AT 7
IR

B 6 ORI T R A Ak G AR

Fig. 6 Interaction between the bonded steel chips and the slab
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Fig. 10 Tensile damage of concrete and stresses in reinforcement and steel beams for models SR-0 and SR-S-A
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Table 4 Parameters of characteristic points
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Fig. 13 Contact stress distribution between the steel beam and the slab bottom of the strengthened models at ultimate loading state (top view)
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