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An Analytical Study for Structural Behaviors of Unbonded Precast
Rectangular Hollow Section Concrete Piers

Abstract

Unbonded precast concrete piers have better seismic performances than conventional reinforced concrete piers. In this
research, seismic performances of unbonded precast prestressed concrete piers are analyzed using OpenSEES. Main param-
eters of analysis are concrete strength, jacking force ratio, ratio of tendon, and size of precast segment. In results, as the ratio of
tendon and jacking force ratio increase, the flexural strength increases at softening state and ultimate state. Concrete strength
and size of precast segment are negligible. But initial jacking force ratio leads to early yielding of prestressing tendon. Since
compressive strain in core concrete is much less than ultimate strain, it can be expected that the amount of transverse steel rein-

forcement is to be reduced in comparison with conventional reinforced concrete column.
Keywords : precast piers, OpenSEES, gap opening, jacking force ratio, ratio of tendon, size of segment
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Table 2. Summary of overall behavior of precast piers according to aspect ratio

LF4A2J50 MF4A2J50 HF4A2J50
(H=2.1m) (H=3.5m) (H=5.0m)
(1.00) (1.67) (2.38)
. Drift [%] 0.19(0.12&1.00) 0.27(0.13&1.42) 0.35(0.11&1.84)
Decompression state*
Lateral load [kN] 47.5(0.39) 35.8(0.48) 25.0(0.47)
Drift [%] 0.45(0.28&1.00) 0.53(0.25&1.17) 0.89(0.29&1.98)
Softening state**
Lateral load [kN] 86.6(0.71) 53.0(0.71) 39.9(0.75)
Drift [%)] 1.6(1.00&1.00) 2.1(1.00&1.31) 3.1(1.00&1.94)
Ultimate state™**
Lateral load [kN] 122.3(1.00&1.00) 74.4(1.00&1/1.64) 53.1(1.00&1/2.30)

This footnote can be applied for Table 3, 4 as well.
*decompression state :
**softening state :

*#*yltimate state :

()

initiation of decompression

initiation of large stiffness degradation

state at 90% of f,,

ratio to the ultimate state and ratio to the model LF4A2J50

Table 3. Summary of overall behaviors of precast piers as per the ratio of tendon

MF4A1J50 | MF4A2J50 | MF4A3J50 | MF4A4]50 | MF4A6J50 | MF4A8I50
Drift [%] . 0.27 031 0.39 0.47 0.55
Decompression ° (0.12&1.00) | (0.13&1.17) | (0.13&1.35) | (0.16&1.69) | (0.18&2.04) | (0.19&2.39)
state* Lateral foad [kN] . 35.8 415 53.4 65.5 77.9
(0.51&1.00) | (0.48&1.19) | (0.46&1.37) | (0.51&1.76) | (0.49&2.17) | (0.48&2.58)
Drift [%] . 0.53 0.67 0.72 0.78 0.86
° (0.22&1.00) | (0.25&1.20) | (0.29&1.52) | (0.30&1.63) | (0.30&1.77) | (0.31&1.95)
Softening state®*
Lateral load [kN] 53.0 63.3 71.74 86.03 99.83
(0.75&1.00) | (0.71&1.20) | (0.71&1.44) | (0.69&1.63) | (0.64&1.95) | (0.61&2.26)
Drift [%] . 2.1 2.3 2.4 2.6 2.8
° (1.00&1.00) | (1.00&1.05) | (1.00&1.15) | (1.00&1.20) | (1.00&1.30) | (1.00&1.40)
. exs . 744 89.6 104.7 134.3 162.9
Ultimate state Lateral load [KNI |} 002100 | (1.00&1.26) | (1.00&1.52) | (1.00&1.77) | (1.00&2.28) | (1.00&2.76)
Depth of neutral axis . 72.6 75.1 81.2 94.8 116.5
[mm] (1.00&1.00) | (1.00&1.06) | (1.00&1.10) | (1.00&1.19) | (1.00&1.38) | (1.00&1.70)
() : ratio to the ultimate state and ratio to the model MF4A1J50
olm, sl AAWSIES] 39-48% Frolth. ASPIE|C] o] =RZEH|E w7t Folo] HiHTh 2k ghE H]lth
gz EeEd|= Z5hd =gz EN ~299/,0 ojujje
- 2|3 EH] = ] =8jZEH] 25 29/? ™, ofu<] Drift ratio— AH — (1¢Hz) L (18)
a5 AAWSES] 71~75%01t}. Fig. 13 F4m s 3 3
oy Z7tol wW& 7t dAdA e =ZEHE 2d Zy GAOIA 2173 A1] S g el Fof AN ¢
LF4A2]50< 71Edko 2 ste] Aas} gk Aol Aeg5Ae] vlal & o W] ZF gl o2 2s ¢
AR A ] - =E|ZEHE= 4] (18 o] we] & 31‘:} wZko] go] F7 wE Zh vl =T EH|=
szololl Agnlel|(Fig. 13 HA)SEARE s dle] Z} ThAjolA AAgE BES HolAe FARF AsPIEI EsdE 2
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Table 4. Summary of overall behavior of precast piers according to initial jacking force ratio

MF4A2J30

MF4A2J50

MF4A2J75

0.2(0.07&1.00)

0.27(0.13&1.35)

0.31(0.26&1.55)

27.6(0.37&1.00)

35.8(0.48&1.30)

42.1(0.59&1.53)

0.47(0.16&1.00)

0.53(0.25&1.13)

0.60(0.50&1.28)

46.9(0.62&1.00)

53.0(0.71&1.13)

60.8(0.86&1.30)

2.9(1.00&1.00)

2.1(1.00&0.72)

1.2(1.00&0.41)

) Drift [%]
Decompression state*
Lateral load [kN]
Drift [%]
Softening state**
Lateral load [kN]
Drift [%]
Ultimate state®**
Lateral load [kN]

75.5(1.00&1.00)

74.4(1.00&0.98)

71.1(1.00&0.94)

() : ratio to the ultimate state and ratio to the model MF4A2J30
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Fig. 17 Variation of lateral load according to height of segment
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Fig. 18 Contribution of gap opening in total lateral displacement
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Table 5. Contribution of gap opening according to the ratio of tendon

Specimen MF4A3J50 MF4A4J50 MF4A5J50
Drift [%] Ist* 2nd** Total Ist 2nd total Ist 2nd Total
[o] [o] [Y0] [Y0] [o] [o] [%0] [Yo] [o]

0.50 50 32 82 52 34 86 54 36 90
1.00 48 21 69 46 22 68 45 24 69
2.00 64 13 77 62 14 76 61 14 75
2.30 65 14 79 - - - - - -
2.35 - - - 64 13 77 - - -
2.45 - - - - - - 65 11 76

*1st : gap opening between the top of base and the first segment

**2nd : gap opening between the second segment and the third segment
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