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Seismic performance of coal ash slag concrete beam-column joints

WEI Jiaqgi's ZHANG Minggian', WANG Zhuo', MA Kang', YU Haifeng', FENG Ye',
LI Huawei®, NIE Qingke’, CAO Kangjia'

(1. School of Civil Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China;
2. Research Center for Geotechnical Engineering Technology of Hebei Province/Key Laboratory for Industrial
Solid Waste Comprehensive Utilization of Hebei Province, China Hebei Construction &.

Geotechnical Investigation Group Limited, Shijiazhuang, Hebei 050227, China)

Abstract: To investigate the high-value and high-dose utilization of solid waste gasification ash in concrete components, low-
cycle reciprocating loading tests were performed on joints within one ordinary concrete and three gasified ash concrete beam-
column joints. The failure modes. hysteretic behavior, energy dissipation, ductility and stiffness degradation were studied.

The failure mechanisms of concrete joints with coal ash as an admixture were explored, and the effects of dosage, axial
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compression ratio. as well as concrete strength on the seismic performance of these joints were analyzed. The results reveal
that plastic hinge failure at the beam ends occurs in all of the coal ash slag concrete joints. During this process, the
reinforcement yields and the concrete is crushed, which includes four stages: initial cracking, extensive cracking, ultimate
strength and failure. The hysteresis curves of the specimens are relatively full. When the dosage ratio of coal ash slag is 20% ,
the bearing capacity of joints made with coal ash slag concrete increases by 14% compared to those made with ordinary
concrete. Using proper designed coal ash slag concrete can improve the bearing capacity while conserving cement, and lowering
carbon emissions in concrete, which provides some reference for the large-scale and high-value utilization of solid waste coal ash

in concrete engineering.

Keywords: concrete and reinforced concrete structures; coal gasification ash residue; quasi-static test; axial compression

ratio; seismic performance; bearing capacity
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Tab.1 Joint design parameters 990 220 990
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Tab. 2 Comparison of coal ash and cement index

7 mm

LA FRTR/ (m® /ke) T / (kg/m”) g/ % K/ % TEKEL/ %
TS ALK 329 2.20 87.50 0.77 95
K 310 3.12 93. 20 0.85 105

A3 WRE R A MR AT R LA ML

Tab. 3 Concrete material properties and mix proportions

B4 1/ (kg/m®) AR L AR

B KU 7K i v WK IR & /MPa #/MPa
ZJ-1 360. 02 165.12 754. 29 71. 28 3.62 — 41.2 3. 28X 10"
7J-2.7]-3 288. 05 165.12 754. 29 71.28 3.62 72,14 45. 6 2.70%X10"
ARS 360. 02 170. 11 724.13 68. 50 4.13 90. 05 45.6 3.44%10"
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Fig. 2 Test equipment Fig.3 Loading system
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Tab.4 Test load measured value
i 1 77 Ia] WA E /KN MR/ KN WPRAT /KN BIR AT E /RN SRR RS /mm BRI RS /mm MR
iE 7] 10. 05 30. 45 38.25 32.78 18.73 31. 80 2.06
211 % STl 7.72 24. 60 28. 37 24.15 9. 26 26. 90 1.93
E 1 9.41 27.26 34. 60 29.56 18. 34 29. 14 2.17
i 1] 9.45 26. 41 32.17 25.94 16.51 32. 40 1.98
1E 1) 12.18 39. 30 43. 49 35. 46 23.11 39. 98 1.84
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G i 10. 47 36.79 45,94 38.05 16. 34 41,98 2.92
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Fig. 6 Hysteretic curve
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Tab.5 Energy dissipation coefficient

I E Z]-1 7]-2 7]-3 AR
MERFEMALE 2.14 1.51 1. 20 1.28
SRR R ¢, 0. 34 0.24 0.19 0.20
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Fig. 8 Energy dissipation hysteresis loop area Fig. 9 Energy consumption curve
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Fig. 10  Stiffness degradation curve
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Tab. 6 Calculation of shear bearing capacity test values for joints

%5 7 17 V;/kN V5 /kN ViV BfE V5, /kN ViV, BifE Vi, /kN ViV, BfE
1E [7]) 195. 08

7J-1 263. 60 0.70 269. 34 0. 69 254. 68 0.73
2 19 176. 46
1E ] 221.78

7]-2 283. 63 0.77 293.61 0.75 298. 51 0.74
S i) 218.54
] 253.73

7J-3 298. 93 0.82 308. 84 0.79 305. 15 0. 80
S 1) 234. 66
Em) 260. 41 B

Z]-4 352. 20 0.72 341.59 0.74 308. 99 0.82
) 244, 34
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WA N 20 V0 A SAL I TR B b TRAT 1Y AR AR OB BT R B T A 50 A (D)

fyvAs(hvb() _a\)} , (1)

S

X l
V= - {As(l. 1y, fbih; 4 0.059;N ;*J) +

XV BRI i TRE - SRAE Y AR B RS 5 7 e R HURR I BE R B A BRI R &R
B, N IEAZ TS S B YRR R A 0 IR BE L Y PTIL0R E BETHE 5 0, AR AR SO XA AT A AL
SETERE s by I HEZAT kR0 DR AT 5 1 5 N A B 1) ) AR s 0 D R B A O AT B 5 . R i A AL
SRR RE B 5 A Ay S A5 AT TET AR 5 By, S HE SR I A 28050 B s Ry RGN A2 A A 45 0 T O 3 1 B
B 55 i AT 18] 1

TESE PR TR 10 i T B IRV 42 5 O 20 06 B A [ 1R 36 - 3 B2 20 20 R BB b SRR A Y A5 A R0 T B R 3K
JIIE IO R R e L AT A R L Al AR 1% A R



%4l BRI, A M A TR R - R Y TR ML RE AT AT 451

4 BIRERBRLTETMERERERTE

TR BE 028 7 B B i R WO 95 TR B - 7 28 7 3 R v X 2% A IR RE R AT SR B L A5 i 7 A2 1) — 4R Ak
A . BRHEACT LA I ()RR HE B R T IR S Sk [ 24 T3 I, 3R 7 AT BB R bR
A A AT LAk 2 TR 8 - rp oK U8 19 T 3 b AR ARG A= = B Bk T A4 i HE o L i PF 20-2.2)-3 55 Z)-1 M
O BRAR TR I8 6. 06 kg 1K AF Z1-4 15 Z]-1 LG, B HERCR D 2. 41 kg, SEWTTRBE - N 4B e b s v L e
(R TR B8 4 A= i Jo S0 9 I A% 5 MR BB Dl HR 1O A7 A R 5K

QZEQ,'C,'a (2)
i—1

A .Q MukHeik & . kg g, M @ FEMHE . kg, M ¢ PP A I R b HE R = AR B R B E
kg/kgsn A BT HE M S5
(7 itk

Tab. 7 Comparison of carbon emissions

A5 : P ke — o
K K 14 a TR it 58ay
Z]-1 31.46 0.18 67.33 0.17 - 99. 14
Z]-2 25.17 0.18 67.33 0.17 0.23 93.08
Z)-3 25.17 0.18 67.32 0.17 0.23 93.08
7]-4 31. 46 0.19 64.63 0.16 0.29 96.73
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