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Study on Mechanical Properties of Fabricated
Concrete Beams with Steel Section Joints

CHENG Donghui , WANG Yansong ,SUN Changhai

(School of Civil Engineering, Northeast Forestry University , Harbin, China, 150040 )

Abstract ; In order to propose a new type of steel joint,and to study the influence of this joint on
the mechanical properties of assembled concrete beams. Four test beams were designed,
manufactured ,and tested under two-point load patterns, then the influence of the location of the
steel connection node on the bearing capacity, deflection, steel bar and concrete stress of the test
beam was analyzed ; Based on the experiment,the ABAQUS was used to establish a finite element
model of the assembled concrete beam with steel connection nodes,and the accuracy of the model
was verified. The bearing capacity of assembled concrete beams with steel connection nodes
gradually decreases as the distance between the connection position of the node and the support
increases,, when the distance between the connection point of the node and the end of the beam
exceeds 310 mm, the bearing capacity of the test beam is reduced by about 10% ; When the load of
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the test beam reaches the ultimate bearing capacity , neither the longitudinal reinforcement nor the

section steel yields,and the longitudinal reinforcement strain decreases as the distance between the

joint connection position and the support increases. The bending and shearing performance of the

assembled steel beam connected with the steel joint is good ; When performing structural design, the

distance between the node connection position and the beam end should not exceed 310 mm, that

is,1./h>0.89.

Key words : prefabricated structure ;steel joints ; mechanical properties;finite element analysis
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Fig.1 Connection diagram of assembly beam joints
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Table 1 Main parameters of test beams
ENE e b x h/mm I/mm ZHLA Z NS i 53 I/ mm
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Fig. 2 Detailed structure of the test beams
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Table 3 Mechanical properties of steel MPa
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Ff% 8 mm WA 439.36 628.99  1.88 x10°

B 14 mm #f  455.24 646.10  1.97 x10°

HAR 22 mm Wi 421. 67 602.03  2.01 x10°

JEEE 6 mm #M  288.18 403.02  1.94 x10°

JEEE9 mm #M  296. 47 424.24  2.00 x10°
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Fig.4 Schematic diagram of test beam strain gauge arrangement
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Fig. 6 Test beam failure modes
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Fig.7 Load-displacement curves in the span
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Table 4 Characteristic values of test beam loads kN

o Tas T2 N, BRATER N,
A-l 40 410
P-1 50 404
P2 55 326
P-3 55 244
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Fig.8 Load-strain curves of stirrup

3.4 YR R AR B £k

G S5 T 28 — 2B 1 B S b A
K9 s, NIRRT LA 4 AR Gt 1k 2]
W BRAR T, A 1] 52 T3 857y 32 AR 3k 31 e i

450,
400}
350}
300}

Z 250}

gzoo-
150}
100}

sof

0 200 400 600 800 1000 1200 1400
MAE/107
(a)A-1

NAS AT A B R RV 96 B 4 14
HE AR g 2V RE s UK BR B B FRAR
AT TSR 11 A A3 107 228 ot 2 TR 5 4 of
PP DA P ) A S e e X R

450,
400¢
350¢
300¢

Z 250}

g 200¢
150f
100f

S50r

0 200 400 600 800 1000 1200
RjAE/107
(b)P-1



794 Tk B SOR S e AR (A R R SE R 55 36 &

350 300
A
300¢ / 250}
250 200k
Z 200} g
& 150
= 150 — —u—71
& “e—72 = 100k —o-72
100 —A—73 —a—73
“o—7a —A—74
50 —o0—1Z5 501 —o—1Z5
0 200 400 600 800 1000 1200 0 100 200 300 400 500 600 700 800
RLAE/107 107
(c)P-2 (d)P-3

B9 gk — Y AL 2k
Fig.9 Load-strain curves of longitudinal bars

Jeth TR A i e B s A BERE S 3.5 BUSNZEHARA

JAE R B BN, o7 AR T 3% H Ak 1 S R R Aok R R AN ey 48— AR 2 an R
K, BEIRir BAR T AR 10 iR,
450 450
400 400}
350 350+
300 300}
£ 250 Z2sof - A5}
gzoo- gzoo-
150+ 150} 4+ 4
100 100} H 44
50 ' 50 YYIYY2
%0 60 —40 20 0 20 40 60 0 20 40 60 80 100 120 140
MAE/107 RMAE/107
(a)P- 1M 3 (b)P-1E N AF
360
320
280
240
§2oo
glso
o L]
: 40 — T YYIYY2
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
RLAE/107 REZE/107
(c)P-2JE ML 3 (dyP—2F % i A%

80 + 5 4| B2 80
40 i + 4+ T 408 i
0 100 200 300 400 500 600 700 0 200 400 600 800 1000 1200
REAE/107° REAE/107°
(c)P-3JEM BB (OP-3EZ A

10 fif 38 - MM B2k 0 A8 26

Fig. 10 Load-strain curves of web and flange



55 1]

PR RS - UG 4 R TR BB 1 3 ) 2 M RE B 5T 795

Hy P AT, B0 2 P-1 P2 I P-3 AR
P& 2SS INNEAL IRV E: NS 1SS U
F14) 25 R e A8 32 7 B 1) S A S 8 o v 44
K. BP0 A R A A I A A g
K. 3 AR 4 427 A A T TR 3 - Ry A
W AR 32 % A i A I o5 AR B XA G /N T
JIR 7 AR U R R T R A i 42 7 o 1 2 T VR
HE 1 R EA RSB KE ).

4 ARICIHr

4.1 ARTERNET
7 FRIOAR IR N7 A B v R R HLAR
SAVERE AL AR RS | BRSNS 2% (TR EE 45

”~

(a)A-1

7~

(c)P-2

I HLTE ) ( GB50010—2010 ) Ff 4 TR BE +
UNAZ R () BT — AR o U . IR
A PRITERINEL 11 frs. FLr R EE - F
Mk H C3D8R S A T, B4 3k R S4
FEVRBATT AN R P T3D2 (PR 2ot = 4k
MT2R) BTT. 4 B A 80 ep B9 55 DA KA
‘B4R H Embedded 77 2 ik A £ 24 B0
Z s AN SR il Tie 77N #z.
TR0 2 0 R g 43 il >R FH 1 8 88 S JBE (UL =
U2 =U3) IR B HE (U2 = U3) . iR BE T |
AR B A% RS Ry 40 mm, B3 | AR 422
SLEHCM A% R SF24 10 mm.

”~

(b)P-1

7~

(@P-3

B 11 ARt A FROCA

Fig. 11 Finite element models of each test beam
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Table 5 Load characteristic values of each test beams

kN
TP N, WBRAT N,
¥R TR
e R, BRI R, BHUR
Al 40.00  64.58 410.00  454.38
P-1 50.00  62.12 404.00  433.27
P2 55.00  58.36 326.00  343.11
P3 55.00  52.81 244.00  266. 48
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Fig. 12 Load-span displacement curves of each test beam
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Table 6 Simulated value of ultimate load of assembled

beams connected by section steel
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