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Calculation Method for Shear Capacity of High-strength Lightweight
Aggregate Concrete Frame Interior Joints Using Modified

Compression Field Theory

WU Tao, WANG Li-xun, LIU Xi
(School of Civil Engineering, Chang’an University, Xi'an 710061, Shaanxi, China)

Abstract: According to the seismic performance test results of the high-strength lightweight
aggregate concrete (HSILAC) frame interior joints in 4 different stirrup ratios of core area under
reversed quasi-static cyclic loading, the failure characteristics and shear behavior were mainly
studied. Based on the experimental research and combined with the failure characteristics of
HSLAC, through selecting suitable joint shear core area and modifying aggregate particle size
calculation parameters, a calculation model for the shear capacity of HSILAC frame interior joints
based on modified compression field theory ( MCFT) was established. Then collected 13
lightweight aggregate concrete frame interior joint test results, the shear strengths of 17

specimens were calculated based on the model, the calculated results were compared with the test
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results. The results indicate that the failure characteristic of the member similar to that of normal

concrete specimens, all HSLAC specimens experience cracking, yield, ultimate and failure during

the failure process. The average value of the ratio between the test results and the calculated

results of the proposed model is 0. 907 and the variance is 0. 008, the values are in good

agreement, which verifies the accuracy and rationality of the proposed model. The model can be

applied to the calculation of ultimate shear capacity of the kind of member, and the theory has

definite mechanics theory and calculation process, can reflect the mechanical process of cracking,

yield, ultimate and failure of the member more clearly.

Key words: high-strength lightweight aggregate concrete; frame interior joint; modified compres-

sion field theory; shear strength
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Tab.1 Parameters of Specimens
) FE 7 R X B E L
WU R - - - 5 .
be/cm | he/cm |YNFHRIE | pa/ % 4TS |0/ Y6 | v/ e |hy /con| AT HLS | pni/ Y0 | S A7 5 | o/ 26 | SRS B5 | 05/ 20 | X {EL

HSLCJ-1 260 260 [2X3420| 2.79

$8@100 | 0.22 | 150

300 [2X34db16] 2.68 | $6@100 | 0.38 | $6@120 | 0.18 | 0.15

HSLCJ-2 260 260 [2X3420| 2.79

$8@100 | 0.22 | 150

300 [2X3¢ 16| 2.68 | $6@100 | 0.38 | $6@100 | 0.22 | 0.15

HSLCJ-3 260 260 [2X3420| 2.79

$8@100 | 0.22 | 150

300 [2X3¢ 16| 2.68 | $6@100 | 0.38 | $6@120 | 0.18 | 0.25

HSLCJ-4 260 260 |2X3¢20| 2.79

$8@100 | 0.22 | 150

300 [2X34db16] 2.68 | $6@100 | 0.38 | $6@100 | 0.22 | 0.25
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Tab.4 Eigenvalues Loads of Specimens in Typical Stages

REELHCA LI R 2 A PR EE L 28 RS DA /10°° rad | TR AN
7| PI£L
W3 3, o8 = O = 1 O 4 3 = B A |
X2 SEZESHNERLTERAL PSS 12 —12 0.62 | —0.67]33.799 |—36.284
Tab.2 Mix Proportion for High-strength HSLCJ-1 ma | 24 24 3.62 | —3.21)52.711|—53. 836
Lightweight Concrete W | 36 —36 7.53 | —4.96[61.128|—62.212
— - - - ¥R | 48 | —48 | 17.90 |—18.50[51.959 |—52. 880
REE AR | KR | R | Bk | UK | WOKGR | R EEIK
W 12 | —12 | 1.38 | —1.20[31.022 |—38.149
Pitfic & |1.000] 1.560 | 1.100 | 0.400 | 0.022 | 0.220
M| 24 | —24 | 4.70 | —5.95[45.045|—57.176
1 m® fdt/kg [432.0| 675.0 |475.0(173.0| 9.5 95.0 HSLCJ-2
N MeBR | 36 | —36 | 8.91 | —7.45[62.012|—64.270
REEC AL [1.000| 1.680 | 1.100 | 0.368 | 0.022 | 0.220
ek | 48 | —48 | 24.50 |—20.30/43.671|—57.919
= S N=N 3
x3 REESHERLSH M| 16 | —16 | 0.58 | —0.78|46.069 [ 45.474
Tab.3 Parameters for High-strength Lightweight Concrete mE | 24 Y 4.34 | —5.12]55.870 —55. 787
HSLCJ-3
PRIEEY | fo/MPa | fa/MPa | fu/MPa | E./10* MPa M| 36 | —36 | 8.33 | —9.05|62.630|—63.950
LC40 40.78 27.2 3.08 2.5 W¥R | 48 | —48 | 25.40 |—23.80|53. 235 |—54. 358
T s o R BE L ST 5 TSR EE 5 f o A IR BE - A0 PO 3 BE A | 18 | —18 | 1.06 | —0.91[45.810|—50.131
WEAE 5 fuc R TR BE O BURISR Y E IR+ Wi, HSLCJ-4 wE | 24 | —24 | 3.23 | —4.11)53.567 |—57.694
1.2 RgzER MR | 36 | —36 | 6.54 | —8.44[63.972|—64.647
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Fig.2 Failure Models of Specimens
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Subjected to In-plane Stresses
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Calculated Stresses at Crack

21 R4 5% I Ak BE TG BT N 7 TR R B 7 AR
R (18), (19) i 5 &

O S = f)=pu (fawa— f) = fa (20)

SAGE A AW A I 3 02 25 /N T AR R BE L B S e <<
S s fosa=<f » B BLUE B 448 R 47 42 57 7, v 15 7
N T f o L AR DA o S5
S X Vimax (0. 18+0. 36" tan(0) +p., (f,, — f,)

21

K k=1.64—1/tan(®), H k>0,

FFRLRBE 1 0 R FR BTN ) o n] T A

0.31+24w/(a+16)
Kb a by R B RO AR s TR BE + 2 Ak b R N
FaWiHE T ESH R3] w HRBETEIE

A SRR A R (23) R B BB AR B o
T TIEIE, Hﬂ??%ﬂ&m@i*ﬁﬁﬂﬂ/\bﬁw 2ok

RN R 2 SO B =0 HEATEDS,
Aﬁ@m¢l%%FuTmTfkm
w=¢g| S 24)
71/[<1n(0) cos(@)] (25)
Sme — 1. 561,1-1
- (26)
smy=1.5d, |

e s IR BE 1 B T R SR B T B 5 s s sy
SR T o Ay RN d, . d, 55
K Ay 1) AR A f R TR
2.5 tEER
W 1R Oy BRI ST SR g, WD T AR TG4
THERBEME 7 iR,
G ER SOki
(DBGETT SO y IEN T 0.
(2) 38 3 24 20 (26) 3 55 4 0 X 24 4% (8] iR
smlﬁﬂs‘
(3) Jf' A TE 1 IR BE 4 BN
(OB F K B 1 0.,
O B Fil FH L ST f oo o
w>1M¥Um>@wﬁﬁ¥ﬁ”%AE
(DE AR (22), (23) H 8 248 [ 87 B T v
@il AKX ADIHFIREE L FH N ST fo s A
YR P/ W EARE ¥ P Z (N
mﬁt YD LB HE for s Ve

E R ,MCFT

Qo AL (8 & fcml_]H—f B fo<<
f‘cZ max o
QD E ALK (16 THHEIREE + FEMNAE e,

amLﬁ YRAD~ADHHE e, ve, Ay,

ﬂ”ﬁﬂAﬁ“@ﬁﬁfwhngﬁﬁwﬂﬁ
SEM foo BB A [ = foo» WIERSETH 3L A5 ] 5R
ML B WEE [0 HE fu=fuos

ADEFAKXA (WA fo.f, ¥ f, 5%
WOOMBED [ M A f,=F o WakEIH5E,
R AL BR (DO PFE 0. HE f,=f0.

(15) 38 3 2 3 (18) 4 (19) 118 24 4% T Ab 9 1155 1o



i
n
e
o

AELVE AT MCFT W EREFHRELER Y 2T RE AT EH % 29

\ L A R(26) B, s,
!

T EHEHEE., |
'

| BEEER A 0 |

!
| EEREENAL,
'

\ 4 R(24),(25) Ew \

| Wit A2, o, |
'
| AROTH A, F R R |
!
| AR S oover |

| 2 ) 3 S B = e |
'

I AR I .
.

B AR~ 100,

|7 HERE
Fig. 7 Calculation Flow
T Faver s Fover s 40 FLAR/IN T 09 53 o8 J 3 82, 0 256 1k 3
B AR B BR (3 D e JE BB
SEIMLL AP B B R4 — 29 R X BT R
Very MBI AETE 7y » B W HE R BERE B9 1Y A% L Xy
T TE R F7 o o B AT A 21095 0 A% 0 DX B9 17 7 -5 i

3 IKICLIE

B LR TR TR g ) MATLAB 7 . % A8 3C
4 A Y S BEAT 32 59 00 M i AR B R
DX B9 V7 7 - B A T 2 A R AR A 1 il 2k e T A
R HiT £ L B A O A T 8 T 7 o ] A X A SC A SC ik
[19]~[21]3% 17 AR F R R Bk AR L P Ay g {H
B Iy AT AR LR 5.

Hie 5 A 8 ol LLA .l fF il &5 R 5
MCFT 1 5455 R DL 45 2R LU A Y 32 {50 70 07 22 20 53

8F el
=T
2
R 4,
o | — RAR4ER
g i ----- MCFTZ R
2
0 4 8 12 16 20
B4 //107° rad
(a) HSLCJ-1
T
=
2
R 4
g | — RRER
e 1 MCFT4 3
21
0 4 8 12 16 20 24
B4 /1/107° rad
(b) HSLCJ-2
&
2 |
R 4R
"o wneER
= 2: ----- MCFT% 3
4 8 12 16 20 24 28
B4 /1/107 rad
(¢) HSLCI-3
&
2
4
5 — RBGE
= - MCFT# R
2
0 4 8 12 16 20 24
B £/10 rad
(d) HSLCJ-4

B8 HHEARSHABERE

Fig.8 Comparisons of Calculation Results and Test Results

S 0.907 F1 0. 008, MCFT 3152 485 10 3 42 35 45 1) 8
N 3-8 AR 56 &t 48 5 i e 15 B iy th & 7E b B
W) a RAF. B A S A BT R e = T
TR G5 AL 3 32 R PR IR R Y A O X TR
A [ 4 TC A9 7 =X 55 80 F T AR S T AT T S R
AR A AL BB LSS R PR & — . Ak
PRI T 53 M T B e a0 ot £ L 2 Ol R
B B 30 0 A SR A ) B0 RS L S BRI RN R R Ak
BAZ M A SC MCFT 3 A A By s A0 X
Ml o6 A 1 TR BE b I AN R ARSI



30 EHRMFLE TRFR 2018 %
x5 EREEMERELIRGTELERERBERILL
Tab.5 Comparison of Peak Shear Stress Between Calculation Results and Test Results for High-strength
Lightweight Aggregate Concrete Specimens
ek | S | MR ¢ | feo/MPa| f./MPa |b./mm |he/mm|by/mm |h,/mm PP Tiest/MPa |tyverr / MPa| tiest/ Tverr
fw/MPa o/ %
HSLCJ-1 0.150 48. 60 260 260 150 300 449.0 0.18 7.25 7.72 0.939
HSLCJ-2 0.150 48.90 260 260 150 300 449.0 0.22 7.50 7.94 0. 945
Hx HSLCJ-3 0.250 19. 50 260 260 150 300 449.0 0.18 7.76 8.10 0.958
HSLCJ-4 0. 250 48. 20 260 260 150 300 449.0 0.22 7.82 8. 26 0. 947
JD1 0.147 41. 90 250 250 150 300 318.0 0.33 7.28 8. 80 0.828
D2 0.147 43. 95 250 250 150 300 318.0 0.84 7.38 9.10 0.811
[19] JD3 0.147 43. 34 250 250 150 300 318.0 1. 44 7.46 9. 60 0.777
JD5 0.059 41. 06 250 250 150 300 318.0 0.84 6.35 8.57 0.741
JD6 0.235 44,35 250 250 150 300 318.0 0. 84 8.05 9.72 0.828
MZJD-1 0.100 37. 20 300 300 200 400 318.0 0.67 5.85 5.94 0. 985
L20] MZ]D-2 0. 300 37. 20 300 300 200 400 318.0 0.67 7.29 6.85 1. 064
8-1 0. 100 54. 86 250 250 200 300 479. 6 0.49 8. 46 8.75 0.967
8-200 0. 100 54.08 250 250 200 300 479. 6 0.73 8. 46 8.89 0.952
8-300 0. 100 54.17 250 250 200 300 479. 6 0.49 9. 86 9.99 0. 987
2] 8-400 0. 100 55.55 250 250 200 300 479. 6 0.73 9. 86 10. 16 0.971
8-500 0. 100 55. 34 250 250 200 300 479. 6 0. 49 11. 29 13.11 0. 861
8-600 0. 100 54.08 250 250 200 300 479. 6 0.73 11.29 13.18 0. 856
BfH 0. 907
Tz 0.008
T+ oese ARG B BT BT 5 oyiepr FAREL B BT R ]
4 zﬂn: 'ig Scie‘znce PreSSTZOO%‘. o T
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