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Fig.1 Beam structure of test piece (Unit:mm)
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AAEE 4350 R 3.0 mm (A1) ,4.0 mm(A2),5.0 mm(A3),6.0 mm(A4),7.0 mm(AS);
JBEJ2 R E 43 5% A 1 mm(B1),1.5 mm(B2),2.0 mm(B3),2.5 mm(B4),3.0 mm(B5);
A YRS R FE 43 02K 0 mm(C1),0.5 mm(C2),1.0 mm(C3),1.5 mm(C4),2.0 mm(C5),
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Tab.1 Test combination
A PERD R
M i J2 I
Cl1 Cc2 (0K} C4 G5
B1 Al1B1C1 A1B1C2 A1B1C3 A1B1C4 A1B1CS
B2 A1B2C1 A1B2C2 A1B2C3 A1B2C4 A1B2CS
Al B3 A1B3C1 A1B3C2 A1B3C3 A1B3C4 A1B3CS
B4 A1B4C1 A1B4C2 A1B4C3 A1B4C4 A1B4CS
BS A1B5C1 A1B5C2 A1B5C3 A1B5C4 A1BSCS
Bl A2BIC1 A2BIC2 A2BIC3 A2BI1C4 A2BICS
B2 A2B2C1 A2B2C2 A2B2C3 A2B2C4 A2B2CS
A2 B3 A2B3C1 A2B3C2 A2B3C3 A2B3C4 A2B3C5
B4 A2B4C1 A2B4C2 A2B4C3 A2B4C4 A2B4C5
B5 A2B5C1 A2B5C2 A2B5C3 A2B5C4 A2B5C5
B1 A3B1C1 A3B1C2 A3B1C3 A3B1C4 A3BICS
B2 A3B2C1 A3B2C2 A3B2C3 A3B2C4 A3B2C5
A3 B3 A3B3Cl1 A3B3C2 A3B3C3 A3B3C4 A3B3C5
B4 A3B4C1 A3B4C2 A3B4C3 A3B4C4 A3B4CS5
B5 A3B5C1 A3B5C2 A3B5C3 A3B5C4 A3B5C5
Bl A4BIC1 A4BI1C2 A4B1C3 A4B1C4 A4BICS
B2 A4B2C1 A4B2C2 A4B2C3 A4B2C4 A4B2CS5
A4 B3 A4B3C1 A4B3C2 A4B3C3 A4B3C4 A4B3C5
B4 A4B4C1 A4B4C2 A4B4C3 A4B4C4 A4B4CS
BS A4B5C1 A4B5C2 A4B5C3 A4B5C4 A4B5CS
Bl ASBIC1 ASBIC2 A5SBIC3 A5B1C4 ASBICS
B2 A5B2C1 A5B2C2 A5B2C3 A5B2C4 A5B2CS
AS B3 A5B3C1 A5B3C2 A5B3C3 A5B3C4 A5B3C5
B4 ASB4C1 A5B4C2 A5B4C3 A5B4C4 A5B4CS
B5 A2B5C1 A2B5C2 A2B5C3 A2B5C4 A2B5C5

K IE SR 8, =2 Kl IF 32 36 1.25(56) , il 25 Hik 5%, IS iR £k 2 s,
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Tab.2 Orthogonal test

1K 55 5 e J2 )5 JEE R R JE R )5 i B2 J2 IS AR R
1 Al B1 C1 14 A3 B4 C1
2 Al B2 C2 15 A3 B5 c2
3 Al B3 C3 16 A4 B1 C4
4 Al B4 C4 17 A4 B2 C5
5 Al B5 C5 18 A4 B3 C1
6 A2 B1 C2 19 A4 B4 c2
7 A2 B2 C3 20 A4 B5 C3
8 A2 B3 C4 21 A5 Bl C5
9 A2 B4 C5 22 A5 B2 C1
10 A2 B5 C1 23 AS B3 Cc2
11 A3 B1 C3 24 AS B4 C3
12 A3 B2 C4 25 A5 B5 C4
13 A3 B3 C5

IE AR T2 Pr R R A h R BUAS 16, 17 AR 21 AR 2 R AT S50 55 e 04 Fe el K 4B R 2 I JE 000 G 46 4 R DR R AR TR g e i
3 Al R A

1.2 RERmEE=E

FEE5 16,17 AT 21 M 2 A BR , F0 4y 22 MR 2 1R 43 Be R AE = 45 4 S Ab X R 4%, PR UE 52 4b
FAi RS | PR R AR Uh RS IR U A, 98 S B 3 R v e o O T I 2R e T T T
PR BN, S AR ) B B A R IR I 45 1k 2k

Ry I SR R A ISR R T A AR B AR s | D 43 2 — Ak R ARG NG RS B, Sl kA R M T
T B BB AR 25 30 K, B AR R T 5 AN A5 S BT AR ORI 1~ R S A 2k R ) A
e 2 iR,
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Fig.2 Sample loading and measuring points layout (Unit:mm)
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Tab.3 Changes in normal stress of measuring point with the proportion of quartz sand

MPa
e WfFS SRR Wkl Wes BEigE ) By S SRR WA W5 BigE

1 11 1.0 0.45 -0.53 2.9 12 24 0.40 -0.2 -0.4 4.0
2 12 1.0 0.26 0.85 2.9 13 2 0.33 0.26 0.42 1.9
3 13 1.0 1.2 0.92 2.9 14 20 0.33 0.31 0.2 35
4 9 0.8 0.45 12.13 24 15 23 0.25 -0.6 0.2 4.0
5 8 0.75 0.2 1.1 2.4 16 19 0.20 -0.6 3.8 35
6 5 0.67 1.6 1.6 1.9 17 15 0.17 0.31 -0.2 3.0
7 7 0.67 44 2 24 18 1 0 0.17 0.31 1.9
8 4 0.60 -5.4 -2.6 1.9 19 10 0 0.1 1.4 2.4
9 3 0.50 0.3 -0.4 1.9 20 14 0 0.4 0.61 3.0
10 6 0.50 0.78 1.32 2.4 21 18 0 2.4 -1.2 35
11 25 0.50 0.26 0.18 4.0 22 22 0 0.41 0.6 4.0
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Fig.3 Linear diagram of the normal stress of the bottom Fig.4 Line diagram of the normal stress of the
end of the steel plate with the proportion of quartz sand measuring point 5 with the proportion of quartz sand
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Tab.4 Changes in the normal stress of the measuring point 2 and 4 with the proportion of quartz sand VP
oo WS BEREEL a2 W4 EgE || PS5 WS BERERE W2 W4 il
1 11 1.0 7.93 8.6 10.3 12 24 0.40 9.2 7.8 14.1
2 12 1.0 1.8 7.4 10.3 13 2 0.33 6.45 5.94 6.6
3 13 1.0 9.73 11.07 10.3 14 20 0.33 10.8 10.2 12.2
4 9 0.8 11.87 0.8 8.5 15 23 0.25 10.4 8.8 14.1
5 8 0.75 11.2 11.3 8.5 16 19 0.20 9.2 9.8 12.2
6 5 0.67 13.07 12.87 6.7 17 15 0.17 5.8 9.4 104
7 7 0.67 15.4 11.8 8.4 18 1 0 5.34 6.45 6.6
8 4 0.60 13.4 13 6.7 19 10 0 10 11 8.5
9 3 0.50 14 10.8 6.6 20 14 0 10.6 9 10.3
10 6 0.50 11.6 13 8.4 21 18 0 13.6 5.2 12.2
11 25 0.50 8.6 9.2 14.2 22 22 0 8 6.6 14.0

M1 4 e 2 B0E v LAE S 2 (BRSR 12 MRARPE 2 ) S5 M1 45 10 T a2 232 0 0 T o 38 00 . 2
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Fig.5 Linear diagram of the normal stress of the

Fig.6 Linear diagram of the normal stress of the

measuring point 2 with the proportion of quartz sand measuring point 4 with the proportion of quartz sand
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Tab.5 Changes in the normal stress of the measuring point 3 with the proportion of quartz sand MPa
7o WS SRR WA 3 BiiiRT ) Fr5 WS SRR WA 3 BiiiST 5)

1 11 1.0 11.13 16.6 12 24 0.40 124 22.8
2 12 1.0 14.2 16.7 13 2 0.33 13.6 10.7
3 13 1.0 144 16.7 14 20 0.33 15.8 19.8
4 9 0.8 20.47 13.7 15 23 0.25 8.8 22.8
5 8 0.75 -9.2 13.7 16 19 0.20 15 19.8
6 5 0.67 18.07 10.8 17 15 0.17 15.6 16.8
7 7 0.67 17.8 13.7 18 1 0 12.5 10.7
8 4 0.60 214 10.8 19 10 0 14.6 13.8
9 3 0.50 16.8 10.7 20 14 0 14.2 16.7
10 6 0.50 21.7 13.6 21 18 0 12.4 19.7
11 25 0.50 11.4 22.9 22 22 0 9.8 22.7
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Tab.6 Variation of mid-span deflection with the proportion of quartz—bearing sand in the glue layer

s s WHRARIL B s S SRR B

1 11 1.0 0.34 12 24 0.40 0.17
2 12 1.0 0.22 13 2 0.33 -

3 13 1.0 0.3 14 20 0.33 0.18
4 9 0.8 0.68 15 23 0.25 0.21
5 8 0.75 1.04 16 19 0.20 0.22
6 5 0.67 0.47 17 15 0.17 0.72
7 7 0.67 0.62 18 1 0 0.31
8 4 0.60 0.58 19 10 0 0.24
9 3 0.50 0.95 20 14 0 0.60
10 6 0.50 1.26 21 18 0 0.01
11 25 0.50 0.14 22 22 0 0.21

FRAR 4 O 2 i A 08 B (LI 8) WT LA M, i F B2 85 rh 8 32 B A B 100 5 55 Ay e AR L B g A AR R R 7
RPETE e FREAR, MR BN & A b B F O BN B T iR R T B R A 1~3 (K
WS ARBIE R 1.0) A 11~16 (F 38 5 85 M IR L 0.5~0.2) B 4270y, iy b AT LA HE 2538 . 2448
R T AR B 2 AR RSS2 R I S X e B 4 ) R A R ) SR A R A A D S IR AR L
I 1.0 507F 0.2~0.5,
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Experimental Study on Normal Stress of Concrete Beams
Strengthened with Quartz Sand and Bonded Steel

Cheng Haigen',Li Hao',Shen Changjiang',Zhang Yong®

(1.Schod of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China;
2. JSTI Group, Nanchang 330013, China)

Abstract: Thanks to the advantages of convenient construction, reliable reinforcement effect and obvious eco-
nomic benefits, the method of pasting steel plate reinforced concrete beams has been widely used in the field of
structural reinforcement and engineering transformation. A new construction process was adopted in the experi-
ment: by adding quartz sand to the glue layer, the three factors of steel plate thickness, rubber layer thickness
and quartz sand thickness were combined. The representative experiment beams which were loaded were deter-
mined by orthogonal test method, and then the interface stress of the steel plate on the bottom of the concrete
beams was analyzed. The results show that the addition of quartz sand in the glue layer contributes to the effec-
tive transmission of interfacial stress, so that the steel plate can fully exert its effect. Finally, suggestions are
proposed for the dosage of quartz sand in practical engineering application.

Key words: paste steel plate reinforcement; quartz sand; glue thickness; normal stress



