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Analysis and experimental research on load-bearing behavior of
erouted-round-steel-tube truss-prestressed concrete continuous beam

ZHANG Boyi, ZHENG Wenzhong, WANG Xueying
(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: In order to investigate the plastic redistribution of internal forces in encased grouted-round-steel-tube truss-
prestressed concrete continuous beams, three encased grouted-round-steel-tube truss-prestressed concrete continuous
beams were tested. Six simulated beams were also studied using nonlinear numerical analysis. The two ultimate limit
states used for design and evaluation and the plastic redistribution of internal forces in the test beams are discussed in
this paper. According to the results, the encased grouted-round-steel-tube truss-prestressed concrete continuous beams
reach the limit state of the cross sectional bearing capacity when the loads begin to decrease and the displacement begin
to increase rapidly on any span. The plastic redistribution of internal forces and moment modulation process mostly take
place during the plastic hinge rotation at the middle support. Base on the results of the nonlinear M-¢ analysis of cross
section using strip layer method, the experimental results and the numerical analysis results, the formulae for
calculating the stress increment in non-bonded tendons under the service stage and the two ultimate limit states are
established. The plastic hinge lengths on both sides of the middle support under the two ultimate limit states are
measured, which are used to obtain the formula for estimating the equivalent plastic hinge length by regression
analysis. In addition, the formulae for computing the internal force redistribution coefficients A under the two ultimate
limit states are proposed. For the formula corresponding to the ultimate limit state for design, the independent variables

are the reinforcement indices B, ; and B, _ at the cross section at the middle support and the controlling cross section at

the mid-span respectively. For the formula corresponding to the ultimate limit state for evaluation, the independent
variable is the relative plastic rotation 6 of the controlling cross-section at the middle support.
Keywords: grouted-round-steel-tube-truss; unbonded prestressed; concrete continuous beam; static test; theoretical

analysis; plastic hinge ; moment modulation
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Table 1 Size of round-steel-tube trusses

encased in test beams

o d > t/mm TiRH HPAIE
¥ F%ORIER BMGE mmom
CB-1  38x3 38x3 28x4 32x3 300 350
CB-2  38x3 51x5 28x4 32x3 300 350
CB-3  38x3 54x6 28x4 32x3 300 350

T 1 d 1 533 B B MR I BEJEE
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Table 2 Parameters of test beams

AR TR

o TR 1 3 )
Rt A, /mm? A Jmm? SEAECE Boi Bom
iE FR T
CB-1 660 660 556 $12@100 0.22 0.22
CB-2 660 1446 417 $12@100 0.18 0.26
CB-3 660 1810 139 ®12@250 0.09 0.15
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Table 3 Mechanical properties of reinforcing bars
and steel tube

SRR A S, /MPa  f, /MPa £, E, /MPa
Wi D12 356.2 488.5 1875x10°% 1.9x10°
32x3  268.0 450.5 1276 x10°° 2.1 x10°

38x3  267.5 450.0 1338x10°°  2.0x10°

WE 28x4 3175 475.0 1276 x10°%  2.1x10°
51x5  327.5 495.0 1638 x107° 2.0x10°

54x6  302.5 502.5 1513 x10°%  2.0x10°
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Table 4 Mix of grouting material
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Fig.4 Distribution of strain gauge on steel trusses
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Fig.5 Distribution of strain gauge on concrete
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Table 5 Test result of cracking moment and

ultimate moment

R PHEE M, /KN -m M /KN -m M /kN - m
B Hh S 179. 18 265. 87 269. 57
i 168. 14 265. 49 294. 14
B2 X 156. 62 253.26 261.85
i 140. 06 328.37 379.77
. S 72.02 141.76 147. 44
e i 65. 18 236. 63 272.89
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Table 6 Stress increment of unbonded tendon

at the critical stage for test beams

g Ag!, /MPa Adl, 1 /MPa Ao,y /MPa
CB-1 36.33 181. 12 321.57
CB2 38.78 144. 24 307. 86
CB3 41.67 192. 97 503. 63
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Table 7 Size of encased round-steel-tube trusses

of stimulation beams

B dxt/mm W
T T W AW mm
SCB-1 38 x3 38 x3 28 x4 32 %3 300
SCB-2 38 x3 38 x3 28 x4 32 x3 300
SCB-3 38 x3 51 x5 28 x4 32 %3 300
SCB-4 38 x3 51 x5 28 x4 32 x3 300
SCB-5 38 x3 54 x6 28 x4 32 %3 300
SCB-6 38 x3 54 x6 28 x4 32 x3 300
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Table 8 Parameters of stimulation beams

A 1 T
o REER e
FRA G A, /mm” A Jmm? i Bo Bo.m
iz TR !

SCB-1 660 660 417
SCB-2 660 660 139
SCB-3 660 1446 556
SCB-4 660 1446 139
SCB-5 660 1810 556
SCB-6 660 1810 417

®12@100 0.18 0.18
P 12@250 0.09 0.09
®12@100 0.22 0.3
$12@250 0.09 0.17
®12@100 0.22 0.33
®12@100 0.18 0.28
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Fig. 16  Strip division and stain distribution along section
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Table 9 Stress increment of unbonded tendon of
test beams and of stimulation beams at

design ultimate state and ultimate state

Redgs Aoy, 1 /MPa Aoy, i /MPa
CB-1 181. 12 321.57
CB-2 144.24 307. 86
CB-3 192.97 503. 63
SCB-1 236. 56 410. 65
SCB-2 397.82 800. 74
SCB-3 120. 35 239. 90
SCB-4 186. 69 536. 33
SCB-5 112.36 225.02
SCB-6 131. 11 286. 48
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Fig. 18  Distribution of data point of 8, ; . 5, ,, and

Ao, ; at design ultimate state
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Fig. 19 Distribution of data point of 8, , . B, ,, and

AO’p“ i at ultimate state
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Fig.20 Strain distribution of tensile longitudinal steel tube at intermediate support region at design ultimate state
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Table 10 Plastic hinge factors of intermediate support of Table 11 Plastic hinge factors of intermediate support
test beams and stimulation beams at design ultimate state of test beams and stimulation beams at ultimate state
BT ¢, /mm~t o /mmTt Loy /mm 6, /rad BT e, /mm~t @ g /mmTt Loy /mmo 6, g /rad
CB-1  7.17x107% 24.68x10° 86.27 1.51x107? CB-1  7.17x107% 25.01x10° 87.12  1.55x107?
CB2 6.56x107°% 34.68x10°° 117.98 3.32x107* CB2 6.56x107% 36.12x107°% 125.55 3.71x1073
CB3  5.51x107°% 32.70x10°¢% 131.76  3.58 x107* CB3  5.51x107% 34.01x10°°% 136.41 3.89x107*
SCB-1  6.59x107% 34.11x107°% 128.68 3.54x1073 SCB-1  6.59x107°% 34.48x107°% 136.62 3.81x1073
SCB2  5.72x107% 33.99x107°% 134.57 3.80x1073 SCB2 5.70x107°% 34.53x107°% 149.51 4.31x1073
SCB3  6.71x107% 35.15x107°%  112.47 3.20x1073 SCB3  9.07x107°% 36.14x107°% 124.11 3.36x1073
SCB-4  5.69x107¢ 35.14x10°° 125.89 3.71x107? SCB-4  7.72x107% 35.53x107°® 143.83 4.00x107?
SCB-5  6.60x107% 36.95x107°% 110.77 3.36x1073 SCB-5 8.84x107% 37.24x107°% 125.71 3.57x1073
SCB-6  6.37x107¢% 35.91x10°°® 108.65 3.21x107* SCB-6  8.39x107° 36.28x107° 126.59 3.53x107*
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Table 12 Comparison between elastic calculated moments at intermediate support and that of

test at the critical stage for test beams

HR S A T AR B2 A

TRE R IA BT AR ERE I AR S

T SR IA FLIORBRE I AR S

Wy WEBTEE  Sauf SR o R s
MC/KN-m M /KN-mo Y MGy /KNemo MLy /KNemo T Ty AN em MLy /KN T
CB-1  255.33 232.03 1.10 299. 61 265. 87 1.13 319.26 269. 57 1.18
CB2  218.38 190. 98 1.14 342,16 253.33 1.35 387.17 261.85 1.48
CB3  126.25 101. 86 1.24 231.24 141. 74 1.63 259. 61 147. 44 1.76
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Table 13 Test data and stimulation data of redistribution

of internal force at design ultimate state

R Bo;  Bow  Mi/KN-m  Mj/KNem A
CB-1 0.220 0.220 299. 61 265. 87 0.113
CB-2 0. 180 0.262 342. 16 253.33 0. 260
CB-3 0.092 0.194 231.24 141. 74 0.387
SCB-1 0. 180 0. 180 241.43 205. 28 0. 150
SCB-2 0.092 0.092 133.59 111.02 0.169
SCB-3 0.220 0.307 325.78 239. 41 0. 265

SCB-4  0.092 0.174 191. 08 113. 07 0. 408
SCB-5 0.220 0.328 341. 88 240. 43 0.297

SCB-6  0.180 0.282 309. 16 207. 44 0.329

DA S s o R T B i v 42 o K T 2 5 BC AT 9
PRB, By, N EE, I35 3 HILE RS 6 MR
WRA, 5B, By, Bl i, anEl 24 fros

124 Ay By, By BRI
Fig.24  Distribution of data points of A , B, ; and B, ,
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A, =0.284 -0.2718,, + 1.898B,,  (8)
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Table 14 Test data and stimulation data of

redistribution of internal force at ultimate state

BE By, Bow  Mi/KNem  My/kN-m  Ap
CB-1  0.220 0.220 319.26 269.57  0.156
CB2 0.180 0.262 387. 17 261.85  0.324
CB3  0.092 0.194 259. 61 147.44  0.432
SCB-1  0.180 0.180 263. 65 211.84  0.197
SCB2  0.092  0.092 155.92 116.57  0.252
SCB3  0.220  0.307 349. 11 245.96  0.295
SCB-4  0.092 0.174 223.31 118.63  0.469
SCB5  0.220  0.328 364. 21 245.98  0.325
SCB-6  0.180  0.282 332.39 213.99  0.356

U i A T 5 s R T 4 T A 4
FR B, B, EUER: ATARE] 3 KSR 6 ML
B 5B, B BRI W 25 R

S LA FAH 904, 7 B A T 2

0.45+— q :
0.40 4+ E ~ T

0,4

lzl 25 A ] \Boyi N Bo’m ﬁ(%;ﬁ%zﬁ
Fig. 25 Distribution of data points of A} , ,30’i and Bo,m



HRARAT By, By, F FR R TR ARG I 25 4
PR A, B0iEy.
A, =0.374 —2.7458,, + 1.1728,,  (9)
KOO HF, BAEMERER #0.952,% x =
A/ Ay - ® =1.000, o, =0.063, 8, =0.063,
4.6 EFhIEBEEEANTERRITE
TG A5 R B, A5 45 o A e T 24 3 v S AR 9
PEBTE T, IR e 2l T —EREM N T E 5
A7, (X i 225 1 s 2 W S A, A TR R A A
LR SR 3% 2 R IR DN O A S A A
VR B A S R R PR A R % sl R v
25 v s i 4R T 5 v S AR B o A T £ T A A B
ZWk(k = By ,/By.) XS B ShRE 1A 5
S A SCRE A Ry 52 e Py R AR A T AR TN
TRUE - Se A R R RN R TS &,
la, (a, =k(6, /) x10°) JBEALbR, 1
FHCA | AR, AT A E) 3 AR R A A MR TN
TREE L ELE RS 6 MERIE A, 5 o, 555
i, e 26 Fiw .

0.451

s CB-1 .
0407 | e CB-2 a
a CB3
0.351 v SCB-1 o
SCB-2
0.307 SCB-3 \
_02s] | & scB4 .
g .
0.204
0.154
0.10
0.05
0 ' ' . ' S
0 0.5 1.0 1.5 2.0 2.5

a]fmm‘l
E126 A -a; BdES010 RAUE L

Fig.26 Distribution of data point and fitting curve of
A, and o

H AU fHh 2 ] A5 B AR BT R SRR iR FRAR 2
T PAE BB AT AR TN D YR O G TR T
JREAR X VR G 7% 08 T it v 4 A 4R -5 v S e A
AT 25 BC AT 3 LU (LAY 2 R R B A A5
EwoR

30.025 a, <0.5
A = MR 0.5 <a, <15  (10)
9
20. 250 a, =1.5

WL, Lhay (ay = k(8,1 /hy) x 10°) HREAsbs,
PR RECA P AR, AT A5 3 AR N R B AT AL
HUN TR SRS 6 BRI AL 5 oy 50
G3AT AN 27 BN

H AU il e 7T A5 3 7E E SR 80 0 RS

.50 s CB-1
0.45- + CB-2 -
a CB-3 -
0.40 v SCB-1
SCB-2 *
e SCB-3 e
0.304 & SCB-4
i v SCB-5
= = SCB-6

0 05 1.0 15 20 25
anfm.m']
B27  Ay-ap BAESST RAUA L

Fig.27 Distribution of data point and fitting curve of

Ap and ay

T PAE BB AT AR TN D FR O 3 R TR TR
JEAR X VR G 0 -7 08 T it P 4 Hh 48 15 v S e A
A T 25 BC AT 3R LU ARG 2 R AR R A 9 3HER
EwoR

%0. 025 a, =0.5

A, = MRMENTE 0.5 <ap < 1.3 (11)
?
?0. 250 a, =1.3

5 458

(1)3 AR PN I 0 A M A TN, g TR st
G2 JIVERELLEG R W, U0 T2 DT I i 26k 30 A IR oot
v, A2 i AT P I 8 O % v R A SR M O3 A
FFE- VRO RE 5 PN 9 R0 A AT R T ) T
b RS GEIANE P T HE 53 A1 B S R R W A BT e S
IAVEBTE e shid e

(2) He TR 45 BB 4520 730
SE T I B R P S AR 8 RE 0 B BRAR 25T TRk 45 131
IS 3 AN 0 4 B AN 5 RAS T PR B e
A BRBR S T e S A8 19 A 74y 9 A A IXC A B SR, O
P15 B RH I S5 2800 1 B XA B B A 2K, T
TSR ERE A FRARZS T 1 LA v e 5 i v 428
L A AT B, . B, W VAR rh 32 e
i) AT A SRR £ 6, S RS e ) PN D L A R AL
A KR,

2 £ X W
(1] FSCE, R HE, % S25mME ativE(P) 7

TR B S TH AT [ J]. EAR TR SR,

2006, 39 (11):68-76. (Zheng Wenzhong, Liu Tie,

Tan Jun, et al. Design methods and construction

techniques  for  the  outer-jacketing  structure
reconstruction ( extension) project of Suifenhe Qingyun

market[ J]. China Civil Engineering Journal, 2006, 39

139



(11) : 68-76. (in Chinese) )

R — A RSO il TR B F R T R R
TR T RIRR [T ], W 2RI ll R4 2% 4, 2009,
41 (6 ) 28-32. ( Zhang Boyi, Dong Li, Zheng
Wenzhong. Problems on design of self-supporting floor
system during construction[ J]. Journal of Harbin
Institute of Technology, 2009, 41 (6). 28-32. (in
Chinese) )

A — RSO UL TR T R AT AR
BELAHGRNZAMERLT]. EARRFEFN: T
fZ, 2008, 38 (3): 636-641. ( Zhang Boyi, Zheng
Wenzhong, Yuan Zhongguo. Mechanical properties of
truss concrete composite beam prestressed encased with
circular steel tubes [ J]. Journal of Jilin University:
Engineering and Technology Edition, 2008, 38 (3):
636-641. (in Chinese) )

Zhang Boyi, Zheng Wenzhong. Expreimental research
on mechanical of prestressed truss concrete composite
beam encased with circular steel tube[ J]. Journal of
Harbin Institute of Technology, 2009, 16 (3): 338-
345.

FRICAE MBS, 51—, 2. T ¢ (B8 0 4 e o 0% B
RIS T]. L =41, 2008,29 (2)
85-91. (ZHENG Wenzhong, LIU Xudong, ZHANG

(6]

(7]

(8]

(9]

Boyi, et al. Experimental research on cave-in ultimate
bearing capacity of grouted-round-steel-tude [ J ].
Journal of Building Structures, 2008, 29 (2) . 8591.
(in Chinese) )

FESCE A R0, E E TRV TR BE L 254
PEBETE [ M. I R U W JR 8 Tl R 2 4 R A
2002.

Plastic design of statically indeterminate prestressed

( Zheng Wenzhong, Li Heping, Wang Ying.

concrete structures [ M ]. Harbin: Harbin Institute of
Technology, 2002. (in Chinese) )

FEIE. R SRR TR R A e S5 R B N D 4
A R BE [ D], F et R B R, 1995, (Shi
Pingfu.

internal force for partially prestressed concrete statically

Moment modification and redistribution of

indeterminate  structures[ D].  Nanjing:  Southeast
University, 1995. (in Chinese) )
Zheng Wen-Zhong, Xie Heng-Yan. Experimental

research and analysis on encased steel box concrete
beams[ J]. Advances in Structural Engineering, 2009,
12(2) :211-230.

R, WEEEE T AASMM]. et B
1, 2001. ( Zhao Hongtie.
composite structure[ M].

2001. (in Chinese) )

Steel reinforce concrete

Beijing: Science Press,

MIMIT ] 2011 F( B HREFFIR)

CREFTEER ) (HRRACS :2-190) 2 i TR E R ROR b2 24 R E S 2E 2 EI I E R —%
SRR, BITT 1980 47, A 1992 4R A 2 U AT, 2007 4R EI Compendex W%, 11 1)

SN [N - S Z2 AR A [ N R ) TR 24 9T

(R EER AR ) 2011 42 A ), K 16 FFAR 128 11, B #r 25 6, 44F 3L 300 IC,
N AR B Yk CRE SRS R 2 ) S BB 1T B A ) i S 5 0 T ) 4 4E A i vl A2 JUIT A
B AR 2F 2 I AT B A ZE A ) BT 30 AR 2 A A — K (L S (RS S ) A

1980 A1 FI = 2009 4EH)2FBiE30) , B A MR, BE5E R 1k,

WG FE N A LTI |

Moo ks JERCHT = HL R O S PRI S AR PN (R SAE AL 2 ) G B

WE - % 100835

HL 3% : 010 - 58933734

E-mail ; ascjgxb@ 126. com

™ k. hitp://jzjgxb. chinaasc. org

140





