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ABSTRACT

The cost on transmission and erection of the precast prestressed concrete members largely depends on the weight
of them. Optimum process is performed on a U-beam section to control the prestressing force, to reduce the
self-weight, and to meet the required strength and stability. The strength, deflection, and concrete stress at the top
and bottom of the section considered are required to check according to each construction step in this process. The
weight of the original rectangular concrete beam could be reduced up to 39~50% from this method. Two full scale
prototype U-beams were proposed and tested in this study. It was found that the U-beamns in the test showed good
performance in strength and serviceability within the limits of ultimate strength design method.
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Fig. 1 Section of U-beam
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Fig. 2 Structural plan of U-beam in Gerber's beam
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Fig. 3 Section of U-beam in Gerber’'s beam

Table 1 Design load for each design span (standard floor)

Span Column size Design load . ¢ ¢
Full span | Interior design span W, Want Waa Wi o 2 * )
(m) (m) em) | kgt | (kgtim) | (kgt/md) | (gt |*8Ym)| (atfem') | Gegtom)
5x18 5x10.4 40x40 296.3 421
5x20 5x11.5 40x40 349.0 429 350 500 300 420 18,900
5x25 5x14.4 50%50 462.2 776

W, : Self-weight of precast concrete beam Wiy & Super-imposed dead load (topping concrete within shell) Wey - Super-imposed dead load (topping concrete, half slab
efc) WL : Live load fx : Design concrete strength of precast beam fs : Initial concrete strength of precast beam f @ Ultimate strength of strand
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Fig. 4 Optimum process of gerder's U-beams
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Table 2 Result of optimum design of Gerber’s U-beam 1
(2) (5) (7) :
1 e (3) 6 . Available
Full Interior | (3) Size of Depth from the Total depth Size of web) (8) maximum no. Non Self
S design |Column : bottom of hole to at the top of |No. of : prestressed
pan - bottom of precast of strand in ’ load
(LixLy) span Size | gimension bottom of the tion precast  |strand one layer tensile steel (th
) (LixLe) | (em) beam sec section (ea) at bottom
(m) (m) (cm) (o) {cm) (om) (ea)
18 x 5[104 x 5| 40x40 40 15 65 7 3 7 2-Das 3.22
20 x 5115 x 5| 40x40 40 15 77 7 9 7 2-Dxs 403
25 x 5144 x 5| 50x50 50 15 100 7 12 9 2-Das 6.67

Table 3 Result of optimum design for Gerber’s U-beam II

Interior Deflection under | Deflection under
Full span design span |Column size Flexural Camber the construction the service Deflection at
(LixL2) strength : ] 3
(LixLe) {cm) ] (cm) loading loading failure {cm)
(m) (m) (tf - m) (cm) (cm)
18 x5 104 x 5 40x40 119.290 1533 0.849 0.805 -14.707
20 x 5 115 x 5 40x40 156.033 1.808 0.967 0.914 -18.903
25 x5 144 x 5 50x50 248.627 2.131 0.866 0.808 -21.161
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Fig. 6 Section of interior portion of Gerher's
U-beams

Table 5 Weight of the rectangular RC beam and

U-beam
Span \ 7.5m 10m 125m
Dimension | 10.4x0.65%0.4 | 11.5%0.77x0.4 | 14.4x1.0x05
Gerber's ‘
U-beams | 242U 403 of 667 U

Fig. 7 Reinforcement of Gerber’s U~beams

Table 4 Design moment of Gerber's U-beam with 11.5%5 m span module in half slab systems

. Load Construction loading condition moment { Full service loading | Design moment
Type of loadings {kgf/m) (tf - m) condition (tf * m)
Wo: Girder(self) 304.8 5.04 5.04 7.05
We Half slab(Tem) | 500 1389 8 D
ceilling : .
Artificial stone finish 300 49% 694
partition
o 3.3 4.6:
Topping: (112 cm) 1341 222 2 S
Center hole 381 6.30 630 882
Wi Live load 2500 41.33 70.26
‘Total 59608 | 474 98.7 150.56
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Table 6 Precast concrete mix design (I)

A AlIAE AAS L
A%

JotgtiFig. 9 2.

Fig. 9 View of test

Specified concrete Maximum size of Stump Air content Fine aggregate Water-eement F/A
strength aggregate (cm) (%) ratio ratio (k f/ms)
(kgf/cm®) (mm) ° (%) (%) 8

500 19 12 2 35 29 57.2
Table 7 Precast concrete mix design (II)
Water3 Cement Coarse aggregate Fine aggregate Addmixtélre
(kgf/m®) (kgf/m®) (kgf/m”) (kgf/m®) (kgf/m®)
166 572 1,054 o2 8.6
Table 8 Topping concrete mix design(I)
Specified concrete strength| Maximum size of Slump Air content Fine aggregate Water-cement ratio
(kgf/cm?) aggregate(mm) (cm) (%) ratio(%) (%)
270 25 1.5 43 46

Table 9 Topping concrete mix design(Il)

Water3 Cemengt Coarse aggregate Fine aggregate
(kgf/m") (kgf/m”) (kgf/m®) (kgf/m®)
163 354 1,079 784
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Table 10 Test results-flexural strength of Gerber's U-beams
Full service loading condition Failing loading condition
Precast | Topping D )
Name | concrete | concrete . {Actual slab|Experimental ©)] @
of | cylinder | cylinder Co?stggctlon w/d slab w/d | Cracking | Test @Test/ | N ® | Desing | ® & Test/
speci-| strength | strength oad.ltr.lg service service moment | cracking | oy > ﬁommfh moment| Test |ony e: ed
mens | fck fck c?trf\ o m)n loading loading Mer | strength eoen s(tfeflg) (tf + m) | (tf - ) | &-RCHEE
(kgf/em™) | (kgf/ecm®) m condition condition (tf-m) | (tf-m) m
(tf - m) (tf-m)
G-l 430 306 474 9R.7 77.93 7892 94.94 1.22 155.03 | 15056 | 167.24 1.08
G-2 380 310 474 98.7 7193 77.46 90.44 1.16 155.38 | 15056 | 169.24 1.09
A;‘ja 405 205.67 474 9.7 77.93 782 2”7 LI9 | 1552 | 1506 | 1682 1085
Comments : Initial cracking moment @Mcr are calculated from the center of the beam with an equation

Mer=2v/ faSs + Pelr’/Cove).

The concrete strength are measured at the day of test.
The initial cracking strength in test @ and test result @ are resulted from the addition of tested
value and calculated moment due to the self weight - 9.44tf - m.
Theoretical cracking moment @O under the full service loadings are calculated from the actual T slab with a

topping concrete. Experimental cracking moment @ are calculated from the 79% of actual T

rectangular and flange portion of them.

Table 11 Test results—displacements of Gerber's U-beams

@ by dividing

@Measured Maximum "
Name of Theory of camber | (DMeasured deflection at service| @-O |allowable deflection Measured .deﬂemon
. at beam center camber . o at failure
specimens loading condition (mm) L/360

(mm) (mm) (o) (ram) (mm)
G-1 -18.08 -20.0 5.74 -14.26 31.94 87.19
G2 -18.08 -24.0 4.83 -19.17 31.94 60.82
Average -18.08 -22.00 5.29 -11.14 31.94 74.00
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Fig. 12 Example of flexural crackings at failure
stage (G-2)
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