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Analytical Study on the Inelastic Behavior of
Precast Segmental Prestressed Concrete Bridge Piers
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ABSTRACT

The purpose of this study is to investigate the inelastic behavior of precast segmental prestressed concrete bridge piers. A computer program, named RCAHEST
(Reinforced Concrete Analysis in Higher Evaluation System Technology), for the analysis of reinforced concrete structures was used. Material nonlinearity is taken into
account by comprising tensile, compressive and shear models of cracked concrete and a model of reinforcing steel. An unbonded tendon element based on the finite
element method, that can represent the interaction between tendon and concrete of prestressed concrete member, is used. A joint element is newly developed to predict
the inelastic behaviors of segmental joints. The proposed numerical method for the inglastic behavior of precast segmental prestressed concrete bridge piers is verified by
comparison with reliable experimental results.

Key words : precast segmental prestressed concrete bridge piers, inelastic behavior, material nonfinearity, unbonded tendon element, joint element
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I# 1 Experimental and analvtical results on plain butt joints

Prestressing force Prestress Load Shear force / Shear force at joints {tons)
(tons) (Ib/in®) (tons) Prestres(ir)]g force Exp. (1) Ana. ©) /e
0.96 100 045 0417 0.40 032 1.25
‘ 1.12 116 0.1 0.572 0.64 0.48 1.33
1.20 125 053 0.391 047 0.39 1.21
204 212 1.04 0.456 0.93 0.74 1.26
E 2.08 216 1.21 0514 1.07 0.82 1.30
230 233 1.31 0.505 1.16 0.90 1.29
3.60 363 245 0.606 2.18 1.60 1.36
374 388 224 0532 1.99 1.52 1.31
3.89 402 266 0.606 236 1.73 1.36
424 440 258 0.540 229 1.74 1.32
5.40 560 325 0535 2.89 220 1.31
541 561 3.21 0.527 285 2.18 1.31
585 586 4.15 0.654 369 258 143
5.80 601 3.44 0528 3.06 234 1.31
590 612 3.15 0474 280 220 127
595 616 296 0442 263 210 1.25
830 860 457 0.488 4.06 3.16 1.28
8.45 875 515 0.542 458 348 1.32
8.55 886 488 0.508 434 3.36 1.29
8.70 902 6.05 0618 538 389 1.38
10.00 1,036 5.70 0.506 5.06 397 1.27
1110 1,150 570 0.456 5.06 402 1.26
11.45 1,185 6.75 0.524 6.00 460 1.30
1150 - 1,192 807 0625 718 5.16 1.39
11.60 1,203 7.29 0560 6.48 489 1.33
1530 1,585 9.70 0565 864 6.50 1.33
1542 1,600 974 0.559 8.62 6.50 1.33
1545 1,602 8.42 0.484 7.48 585 1.28
156,50 1,605 10.12 0.581 9.00 6.72 1.34
X 15.90 1,647 8.15 0457 725 576 1.26
E 18.60 1,925 10.80 0516 9.60 7.39 1.30
19.10 1,980 1482 0.691 1320 890 148
: 19.70 2,041 10.30 0.464 9.15 723 1.27
19.80 2,080 12.50 0562 1112 8.38 1.33
24.50 2,540 12.60 0457 11.20 8.88 1.26
2790 2,890 14.15 0452 12.58 10.03 1.25
Mean 1.31
cov 0.04
( Noter 1 tons = 9.80665 kN; 1 Io/in® = 6.89476x10°° MPa)
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E 2 Experimental and analytical results on mortared joints

Prestressing force Prestress Load Shear force / Shear force at joints (tons)
) (Ibfin?) (tons) Prestressing force
(tons in ons (1) Exp. (1) Ana. 2) (/@
540 559 463 0.763 412 292 1.41
9.70 1,003 725 0.665 6.45 481 1.34
14.30 1,480 1037 0.645 922 6.86 1.34
Mean 1.37
Cov 0.03
(Note: 1 tons = 9.80665 kN; 1 Ib/in® = 6.89476x10™ MPa)
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¥ 3 Test specimens

Specimen Axial force f'c Mild Mild steel Prestress steel Prestress Shear reinf.
P (katloed) | (kaffer? steel f, kaflem® | (f, = 12500 kgflom?) | (kgtlem® | (f, = 3540 kgflem’)
P1(N) 0 12-D10 4,090 2- ®I7mm 35
P2(N) 8-DB 3540 4- i 7mm 70 Base: D6@75mm:
356 elsewhere:
P1(H) 20 12-D10 4,090 2- dI7mm 3H D6@100 mm
P2(H) 8-D6 3,540 4= @I7mm 70
(Note: 1 kgflcm? = 9.80665x107 MPa)
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