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Study on Load Bearing Capacity of Compressive Arch Action for

Prestressed Concrete Frames under Column—Removal Scenarios

HUANG Yuan', HU Xiaofang, YI Weijian
(College of Civil Engineering, Hunan University , Changsha 410082, China )

Abstract: In order to investigate the progressive collapse capacity of prestressed concrete frame structures, we
established a nonlinear finite element model of a bonded —prestressed concrete frame. The experimental data were
used to verify the model. On this basis, the differences of mechanical mechanism between bonded prestressed frame
and reinforced concrete frame in the process of progressive collapse were studied, and the influencing factors of the
first peak bearing capacity of prestressed frame were analyzed. The studies show that the application of prestress en—
hances the arch compression effect and weakens the failure of the side column, but it aggravates the failure of the mid—
dle column. The ratio of reinforcement, depth of beam and span have great influence on the bearing capacity of arch
compression (F,,). When the top reinforcement ratio increased from 0.66% to 1.32%, F,, increased by 19.6%. When
the bottom reinforcement ratio increased from 0.66% to 1.32%, F,, increased by 31.5%. When the depth of beam in—
creased from 700 mm to 900 mm, F,, increaseds by 220.7%. When the span increased from 9 m to 15 m, F,,, decreaseds

by 64.0%. When the size of column section is small, increasing the size of column section has a great influence on F,,.
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However,when the column section size is large,increasing the column section size has little influence on F,,. The

initial tensile control stress and tendon area have little effect on F,,.

Key words:prestressed concrete; bonded ;finite element analysis;collapse analysis;compressive arch mecha -

nism; bearing capacity
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TEEE - PR 7 R N 7 -1 A8 56 22K A Rush %
R, e 2(a) s, B4 09 20 F1 - R AR 56 &R (o—
&) R PR PR R, 1A 2(b) . TR EE LA
it E (DR, AL B 0.1, JAFA LR
0.2. Wi o—e RANITLAETY, QA 2(c) i, i
BifE E, 4 2.0 x 10° MPa, JA#A HLER 0.3, TRy 717 o
e 1N (2)HER KP By = 1.95 x 10°;/5, = 0.85 /;,
S R TRUNE T 557 (R AR BN 3, TR 7 3 1) Jee AR s
0.75 f,, AN 2(d) 7R, S0 T HRAIEA BRI R 51
WesktE, REEL . W . BN AR ICYIR A Von
Mises Ji IR VEI]©.



57 LS TN 7 TR EE 1 HE AR 2 B0 R HE R 8 oY 63
4 v P S8 3 B2 B3R PISHEATRIE. A FRIT
% TR 525 X ANl 3(b)~(e) N, A BR
| | TR 5 S A L, B4
| Vv TTHUR BRI A T 54 S T EL T4
& ¢ & € RhASTN I HESEHT 1% SLE| SR A SE.
(a) IR+ 52 I (b )i+ 324 60
7 7 z 45
b —=—== il &30 =7 100 )
v A 8 |5} /—Bonded strand i85 32 5o  —— YKJLikdy
| | _ "~ Bonded strand 1 fR 7T ~ — YKII ARt
m : 0 100 200 300 400 500 0 15 30 45 60
0, e e O e R £ S Amm £ /mm
v(c)jlzﬂimjjﬁ’ﬁ ()FFRi 155 (a)Bonded Strand &1 (b)YKJ1 it
B2 MAREAEEXEZ 75f — B2 it
Fig.2 Stress—strain relationship of materials i 22 — B2 ﬁ[‘%#
B0 0 —pme
Bo=_ 100 (D) S N R Sl L1 0
2.2 +34.7/f., 0 100 200 300400 500 100 200300 400 500
133 12 6] 3 fnm 12 6] 3 anm
£=17-+0.002x ( f%) \*MERGEFORMA  (2) (B2 B E (B3 B
RIUMERE TN | MR AT=F(BE,A,), T A
F A RT3 Bl 50 3 SR K R L = /
E, R A, 43 3TN 0 55 B B R B XA s
BEES TN 1A , 58BN —HE, R “Inserts” 4> 07700 200 300 400
A TREE L. 152 6] 51 i
DOD FJ0HF 0.2L 1y ik SL B iR BR 7 78 , L (e)PTIAfF

BB GRS VO M PSFEORT 10 m I, SR ITUN T3 25
MR T, X T RS RT 10 m RYTRN ) 46548, >R
FH 0.2L AE 2y i S48 B3 i e RE I B, 45 R v v 55
N AN R A I A A v L Tt S L LA S 1Y
ELIYIBE X BB IR 8 1) AR 38 ) AN RE AR
BN 702 4 ) AR A s ) VR R £ 0 40 PRI AR SC
S AT A R A HUZ R Y 1/302,

YA TR A 19 s SN J7 W E SRR
FOLE] 5 . S T 10 O S (A AR [ 2 TR
I, SR AR S AR S EORAT UM ] L o). AR R AT |y
R FHAERS NARA AL R 32 1) 65 [ i 26K

$THF Non—-Positive Definite £ Large Strain $EI ,
¥ Newton—Raphson ik k1T MoK .
1.2 ARTTEBHIIEIE

I BPC $1% 228 35344 bonded strand“#E 1T
BRVRAIE, Z R A MER, B AE & A
A R AR 25 R L anEl 3(a) s, —
BV RAF. T2 AP OCT BPC HESEHTIES:
5 IR ER A, Ry T 2D I MR ) TR A,
A ZHE5 TN S AESR YK 3R R 353 v B+

A3 AR SRS KB
Fig.3 Comparison between experimental

and FE results
2 AR HERSZANVIES

S T WG TN JIREZR R AZ I, T 2 A4
PRETFAIOE, YKI-1 A Bhas TN JIHESE, PIas sk
N 14 0.5f,0; YKI-2 BYRSFRIBL A 5 YKI-1 AH
], (HA RSk A N 718 0. TR 155 R 1860 2%
RS, TN )RR TR A £
. TN 1A B AL R ST an 4 B,

TRE I St oA [ 2 i), AE AT, 29 SR AR
AT JITA 19 875 7 14 [ E R R A0 [ i X
FEEASARY , bk S8R, T 7 FIVER 1 R E R Y
WA TR 1R - B IR Az Fr, THHRAZ He , G5
HTRERZ L, ISR Z K.

YKJ-1 F1 YKJ-2 2549 i fay 28 (o7 % it Ze dn &l 5
Fi7s  YKI-1 F YKJ-2 FEHEARZR 1 F, 4390k 437
kN 1 407 kN. A T s A6 R HEW L B35 A2k 7109



64 R R A4 (A AR B R)

2020 4F

S SURHORE I $E M R n = Fu/F. 00 F,
Rz MU PE RS BRIE AR 3 . YKI -1 Fl YKT-2 (7R 2%
im0 pis, YKI-1 AR 8, p [ER,
U 7 Bt 1 2 3 5 R AR

A152
anmgO\ (\l
S‘S‘:Ng )

0 x 12 =

612

1000
(a) B 3 AR ]
A 12000 L

(D) JUIRSF K BLAfs
6C 25

B 8@200

7A*15.2

800

6C 25 ©

(o) MR TRC A
B4 XA AT R BB £

Fig.4 Dimension and details of specimens
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Fig.6 The stress of tendon and reinforcement
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