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Abstract: To examine the seismic behavior of reinforced concrete (RC) columns with prefabrica-
ted ultra-high-performance concrete (UHPC) permanent templates and check whether the prefab-
ricated permanent templates are stripped from the surface of the specimen under low-cyclic re-
peated loading. Pseudo-static tests were conducted for the comparative purpose of six permanent
template columns (PTC) and one RC column with varying axial load ratio, shear span ratio, stir-
rup spacing, and concrete cover. The failure pattern, hysteretic characteristics, deformation ca-
pacity, energy dissipation capacity, and stiffness degradation of permanent template columns

were studied. Test results showed that the permanent templates that were perpendicular to the
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direction of loading stripped at about 70% of the peak load; the permanent templates that were

stripped at the final destruction of the specimen parallel to the direction of loading. Within the

same shear span ratio, axial load ratio, and several stirrups, the seismic behavior of the specimen

with the UHPC template and 10 mm concrete as the cover is relatively better than others, but its

bearing capacity and prophase stiffness are slightly reduced.

Keywords: ultra-high-performance concrete; permanent template column; shear span ratio; hys-

teretic performance; seismic performance
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Table 1 Parameters of specimens

A P/ E= R o it P {%?F)z%
W5 W /mm L B E L JEBE /mm
PTC1 900 3 0.15 d 6@80 10
PTC2 900 3 0.30 d6@80 10
PTC3 600 2 0.15 d6@100 10
PTC4 600 2 0.30 $6@100 10
PTC5 600 2 0.15 $6@100 20
PTC6 900 3 0.15 d6@150 20
RC7 900 3 0.15 P 6@80 20
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Fig.1 Dimension and details of reinforcements for specimens
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Table 2 Mechanical properties of reinforcement

A HAF/mm  JHIRWRE/MPa % BR5®E / MPa
HRB400 6 425 609
HRB400 16 492 665

PTC & {4 i 78 B, Je il /E UHPC B (R 10
mm . 9543 280 mm 1 300 mm R, & E 5K
PR ) o A AR B3k — 7 5 B S FH S 2R [ T A A
B SR L 1 5 e SN m IR B 1.
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Table 3 Performance indicators of polypropylene fiber

£F- 4k KEE H & UL P A i &
£ FR /mm /pm /MPa /GPa /%

PP 12 48 450 5 8

&4 BB UHPC HEMRE
Table 4 Mechanical properties of concrete and UHPC

g S fe E S

%% /MPa  /MPa  /GPa ™ /MPa
TR EE+ 46.5 38.8 33.9 - - -
UHPC  76.6  72.9 40 0.0034 45 0.01
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Fig.2 Tensile stress-strain curves of UHPC
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Fig.3 Test setup
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Fig.4 Arrangement of strain gauges
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Fig.5 Arrangement of displacement transducers
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Fig.6 Cracks distribution at peak load
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Fig.7 Failure patterns of specimens
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Fig.8 Lateral load-displacement hysteretic curves of specimens
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Fig.9 Skeleton curves of the specimens
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B, ok T UHPC #E 4k, 7 LLEE & RC FE R FE fig
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FERE R BUIL G & K 33.3% . M PR S A FERE R B L )R
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Table 5 Energy dissipation coefficient of specimens
RS PTCl PTC2 PTC3 PTC4 PTC5 PTC6 RC7
JE R E 0.745 0.680 0.470 0.480 0.640 0.570 0.635
MRS E 1.455 1.695 1.470 1.340 1.380 1.260 1.495
o6 REBESNTE MABE
Table 6 Load and displacement at characteristic points
St FFEL JeE R A UEE A A B R A IR e p./P
MW Aer P By Py An P A P A Py P ;% Co
/mm /kN /mm /kN /mm /kN /mm /kN /mm /kN /kN
PTC1 iEfA 1.59  100.04  6.16 191.62  14.39  201.61  31.91  171.36  37.61 65.22 - - 5.18
SR 2.85 99.83  6.46 165.94  29.26  167.96  34.52 142,77  37.23  56.59  119.44  71.11  5.34
PTC2 IE[i 1.7 119.36  6.08 234,10  14.04  249.84  21.99  212.37  29.39  88.99 - - 3.62
S [i) 1.84  100.51 5.40 198.73  13.92  201.48  23.19  171.26  29.64  77.43  180.14  89.41  4.29
PTC3 IE[  0.64 99.12  5.72  239.25  17.00  303.71  17.00  303.71  23.39  58.33 - - 2.96
e 0.85  100.99  4.72 21549  15.84  257.45  15.84  257.45  23.36  65.55  179.49  69.72  3.35
PTC4 iF@m  0.98  139.11  4.52 252,84  10.30  314.19  14.94  268.76  22.89  129.66 - - 3.30
S 1) 1.02  139.69  4.48  238.32 8.46  301.47  11.98  254.38 2232 92.61  198.74 65.92  2.67
PTC5  IF[i 2.15  141.13  6.16  224.28 11.01  273.25  16.88  232.26  22.81  79.51 - 2.71
S I#] 2.38  140.41 5.19 199.32  10.27  238.15  18.24  201.40  23.44  55.00 -198.23  83.24  3.51
PTC6  iE[i 2,92 100.45  5.04 158.99  14.41  165.81  16.67  140.94  22.18  37.44 - - 3.30
S 1m) 3.22 98.72  5.94  141.23  12.9 149.16  18.42  126.79  22.31 42.23  118.29  79.30  3.10
RC7  iFlA 2.52 79.97  7.23 161.04  21.33  178.04  37.27  151.33  43.57  80.92 - 5.18
S IH] 2.25 79.88  7.49 174.77  13.96  189.59  35.82  161.15  44.46  89.08 - - 4.78
T - TF 1] 0 A8 AR ) 0 B 15 0 A R UL )
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