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ABSTRACT

A restraint coefficient for creep and dry shrinkage deformation of concrete in a composite section was derived to
calculate the residual stress, and an equation for the loss rate of the pre-compression force was proposed. The
derived restraint coefficient was computed by using the transformed section properties for the age-adjusted effective
modulus of elasticity. The long-term behavior of complicate composite sections could be analyzed easily with the
restraint coefficient. The articles of the current design code was examined for PSC and steel composite sections. The
dry shrinkage strains of 150 ~200x10~% for the computations of the statically indeterminate force and the
expansion joint could be under-estimated for less restrained sections such as the reinforced concrete. The dry
shrinkage strain of 180x10 ~® for the computation of residual stress in the steel composite section was unreasonably
less value. The loss rate of 16.3 % of the design code for the PSC composite section in this study was conservative
for the long-term deformation of the ACI 209 but could not be used safely for that of the Eurocode 2. For
pre-compressed concrete slab in the steel composite section, the loss rate of prestressed force with low strength
reinforcement was much larger than that with high strength tendon. The loss rate of concrete pre-compression
increased, while that of pre-tension decreased due to the restraint of the steel girder.

Keywords : concrete, long-term deformation, creep, dry shrinkage, composite section, restraint coefficient, loss rate
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(a) Transformed section for E. and strain
distribution for external loads

(b) Non-composite section (c) Transformed section
for E

Fig. 2 Long-term deformation of composite section
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Table 1 Material properties of PSC composite section

Material Property
Slab e 270 kgt / cm?
PC girder Ser 400 kgf / cm?
E. | 0.28x10%kgf/cm®
Type fgﬁl;;i;l? 12.7mm, low
E, | 2.0x10%kgf/cm?
Strand A, | 48@(0.9871 cm®) = 47.38 cm?
o 0.25/rad
K 0.005/m
Type | D16, SD40
Steel bar | £, | 2.0x10%kgf/cm?
A, | 28@(1.986 cm?) = 55.61 cm?

Table 2 Section properties of PSC composite section

Property Concrete age

Before 30 days After 30 days
A g 7,344 cm? 12,520 cm?
Iy 37.4x10°% cm* 80.6x10° cm*
rie 5,102 cm? 6,437 cm?
O 0.90 0528
v, 817 1308
o= AJAmr

Table 3 Sustained loads on PSC composite section

Age Load Concrete elastic strain
P, 578 tonf 649x105
7 days =
METer | 900 tonf m — 156 %10°
30 days | M 290 tonf m — 226 x10°

Mg Self-weight of PC girder
M Self-weight of slab and superimposed dead load
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Table 4 Stress loss of strand according to the design
code for highway bridges(unit : kgf/cm®)

Item Equation Stress
]acking fpj = P]/Aﬁ 12,200
Friction | 4fff = f&i[1— e~ (et K9] 1,167
Elastic o _
shortening Y = 057 5t 493
Short-term loss 1,660
Initial tendon stress 10,540
Creep Af g = 12f i — Tfops 1,215
Dry sh _
shrinkage af; = 0.8(1,190 — 10.5H,) 364
Swess | 4% = 30 ~ 0.05(4fg+ AfE) |
relaxation — 0.074f7 — 0.147¢
Long-Term loss 1,719

Anchorage movement does not affect the loss at the
mid-span

foui = 138 kgf/cm?® and f, = 63 kgf/cm?

Loss rate due to long-term deformation 16.3 %

Table 5 Parameters for creep coefficient and dry

shrinkage
Condition Value
Cement type I
Relative humidity 70%
Fine aggregate rate 50%

Cement content 410 kgf / m?
Curing method 3 days steam cured
Slum 7.5cm
Air content 6%
Ambient temperature 20C
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Table 6 Transformed section properties for methods
of introducing pre-compression

Method of introducing pre-compression
Property Steel bar Strand def(g;]{rcwlgi on
A, 5510 cm? 5725 cm? 5800 cm?
O, O 0.050 0013 -
A 1x 22551 cm?| 18780 cm?| 17,455 cm?
Trg  [193x10% cm?*|1.70 x108 cm*|160 x108 cm*
iy 8,559 cm? 9,073 cm? 9,173 cm?
0. 0.244 0.305 0.332
Ve 707 -849 -91.3
an 0613 0.453 0.366
AN 0.387 0.547 0634

= 2.0, 3=0.8

Pre-compressing methods

— Strand
08F ___ Steel bar )
—— Girder deformatio o pre:c@p[ei\o‘/
Lo} e -
w jon
; iy Concrete pre-compress
8 [ —
- 04

5
8090‘:570)( 10

Steel bar pre-tension

02f ‘ ]
0'0 PN R [N VR SO SN N N G SN SN UUNS UPAN ST S S VA S S S NN N S S NS
0 100 200 300 400 500 600

Dry shrikage strain (10)
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