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Evaluation on Flexural Behavior of Double-tee Slabs
with the Least Depth from Optimization Process
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ABSTRACT

Precast prestressed double-tee slab may be designed by the PCI Design Handbook. It is based on the
bridge construction and is required for reorganization for the use of buildings in the domestic construction
environments. Much enhanced sections arc developed from the reforming process on the determined design
factors in the previous experimental works on double tees. Pre-determined shape, reinforcement detail, and
5000 psi concrete strength can not be expected as the best solution for the domestic construction requirements
because large amount of use on that systems are anticipated.

Flexural tests are performed on four full-scale 12.5m proto-type models, "least depth double tee,” which are
resulted from the optimization process. Domestic superimposed live load regulation, domestic material
properties which is available to product, building design requirements and economy in construction are
considered as the main factors to establish. The first two sections are double tee section for 1.2 ton/m"
market live load with straight and one-point depressed strands and the second two are for 0.6 ton/m” parking
live load with those strand types,

All of the specimens tested fully comply with the flexural strength requirements ‘as specified by ACI
318-95. However, the research has shown that following improved considerations are nceded for better
result in practice. The locations and method of connection for the lowest bottom mild bar, connection
method between precast and cast-in-place conerete, and dap-end reinforcement are nced to be improved.

Keywords @ double-tee, slab, flexure, beam test, leath depth
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Table 1 Comparison between the Domestic and PCl Building
Code Requirements for Parking Structures
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Table 3 Material Properties

{, for
mild bar

& wire

fox for

fx fou for fa for CIP
PC |(initial)

Strand topping

A4 500 200 | 4,000, 18,900,

2% [kg/em®|kg/em?| kg/om® | kg/ent’ 280 kg/em
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Table 4 Design Loading Conditions

Be s SR Bobg | Superirpo
AIn pan —Si a S Ve
No. &= (m) AR Load,, Load
(ton/m”) (ton/m”
DT-1S | 544|125 | Straight | 024 06
DT-1D| &% | 125 83;;‘22(5 0.244 06
DT-2S | % (125 | Straight | 0244 12
DT-2D| =% | 125 %grfs‘;igé 0.244 12
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Fig 1. Example of Plan and Section of Single Tee
W/D the Least Depth(DT-1D)

Table 5 Dimensions of Precast Specimens

A8 A No.| A2 ol (mm)| EA# Z(mm) | %ol (mm)
DT-1D 12,500 1,200 525
DT-18 12,500 1,200 600
DT-2D 12,500 1,200 675
DT-2S 12,500 1,200 750
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to PCI Methods(DT-1D)

Table 6 Comparison between Suggested Beam Depths
and Those of PCl Hand Book

v | LB | R AT
DT-1Db 89 60
DT-1S N/C 67.5
DT-2D N/C 75
DT-25 N/C 825
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Table 7 Concrete Mix Design(1)

C}_O :7_10’ ‘&O ‘l,O
oo 2 TholAlwl & G FH e ) .CT{
F A A F g A
(kg/m) | (ke/m)
(kg/m’) (kg/m’) (kg/m’)
163 543 1,003 663 8.1

Table 8 Concrete Mix Desigh(Z)

A ETS X
A EA e | g
Az A |70 T e | eepag
2w g L lwe| 15%ke/m
EEIAB ] o Lisace |V oke/m
kg/cn'| (mm) %)
50| 19 [ 14 [15] 40 30 81
3.3 AlE YA
AldAY AP Adz %«1 A7+
7= Table 9, FAYEY Y225 Table 10,
113} Zu)
Table 9 Testing Date
51 % Epad delre | A ETHR|
MEMNo | ox | o, A z+d Hday)
DT-1D '98.07.14 '98.08.28 45
DT-15 | '9807.08 | ‘980829 52
DT-2D '98.07.03 '98.09.01 60
DT-25 | '98.0620 | '98.0002 74

Table 10 Compessive Strength of Tgpplng Concrete
(Design Strength: 350kg/cm?, unit; kg/em?)

DT-1D - 285 - 400
DT-1S | 224 - - : 340 -
DT-2D | - { - | - |34 | -

DT-25 | - | - |3 | - - -

Table 11 Compressive Strength of Precast Concrete
(Design Strength 500Kg/em?, unit; Kg/em?)

w12 ] 24 | 72 |89 |58 632 | 69 | 862
A AT R A e e |5 (9E 1B

DT-1D| 230 | - | 331 - 517

DT-18{ 196 | - |36 | - | - | - |51 -

DT-2D| 249 385 | 513 | 524 -

DT 25 o5 [ 366 510 | - | - 559
34 B
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12} Auh dAltbel e S99 Ane] Aol (em) | Gom) | (o) | Gon) | /1%
ﬁ%" O44mm°] 0]’ =, Hay 714 O] H}" A /5], DT 1D 5581 20.2 . i _
HEAEE A AL AH AL PCL Y DT-1S | 6033 | 2208 | 7207 | 2609 | 120
ol jste] Table 129} ] AFESFUUHA-H1 fﬂL}‘)- DT 20| 8706 | 3151 | 9459 | 3424 | 1.09
Table 12 Camber DT-25 | 9014 | 3262 | 10088 | 3076 | 122

A& P (ton) | AR A mm) | A (mm)
DT-1$ | 792 189 21.0 07T d¥ A3 Table 149 Zo] ZEAA
DT ID| 792 257 230 o] AARNREE A3lste] I HYLHFE 23
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DT-1S]21.09 ] 764 | 3375 | 1222 | 26528 | 9.15 [14.77 DT-1D
DT-2D| 35.16 | 1273 ] 5766 | 2087 [ 4122 | 1492 [17.18 DT 15 26.09 123.85
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ol gk AW P& v X]7] wfjFolu)
t}S Table 162 *¥Herection)Al9} #H5HY
(final) Al TZH?“‘H AHAL 27 Aol AHBAIA

of s Asddoltt tgel AF AGEE o
Am ubAlst HEAY APARNE 24 sto]

Uh2l Table 18~199F 2e] AbAatalvt

63 ClZEl B8 HUT Ao
YuE Adde $1 ¥ue 29wl
olste] 4] (b-5)7}F 7t
M, = Aufnld,~ a)+Af(d~2 (b 5)
AV, A = A BHA, 4, - dde fE

He|l FAA=AA ZAALE f vy 2
},
Fro= fpu(1~;—’l’[—P—L”f§ Z +po(w—a)')]) (b-6)
AN, o = A T L

7y = 0.28, fu/fon =099 low-lax A

op = Ap /(bdy)

p = As /(bdy)

= As'/(bdy)

0o (f\ /fck)Y w'= 0 ! (fy/fck)
Table 20 $19] A& <R ZF AlgA 9
AR g grofu)

AR =

(==

K

a = (A, fist As £)/(0.85f b)
b - @d fE Z A - QAL Gwy
fo= AT ARPE

Table 16 Coefficients

for Deflection

A&k EH Qs o PASH

SHEA] (AL ereaion) 1.85 1.85
) AJ}CL) - 1H°1 Aso s le ¥ Ay
(2) A1) - 7“1 e o8 adAn 1.80 1.80

#HE Al (AL fmdl)
() AL - A 2Agel g dAd 1y 2,70 2.40
(2) ?c‘!tﬂ( T) 7“* geio] o) g v Ay 2.45 2.20
B AHC]) - &FAF A8A e 3AGsT o FEd A 3.00 3.00
4y A 7] ) - B FHYE] 2o g 3 v@Ad HF 2.30

Table 17 Camber at Releasing of Strands

Aalg | Pose ¢ ¢ L fla Ei | I, W, Pue?dW | W, | A#7Y

v (ton) (cm) | {em) | (m") |(kg/cm™)| (kg/cm) (cm™) (t/m) (mm) (mm) (mm)
DT 1S 792 25.76 0 156.25 326 270,832.1 412,789.1 0.37056 35.637 10537 | 25.100
DT-1D| 79.2 25.76 10 156.25 331 272.901.1 578,674 0.37056 31.758 7.459 24.299
DT-25| 1053 | 2794 0 156.25 366 286,966.9 790,032 0.41744 25.418 5.853 19.565
DT-2D| 1056 | 27.94 10 156.25 385 294,321.3 1,095,752 0.41744 22132 4115 18.017

Table 18 Cambers at Erection
. Pl 1.80P1 Gy ,
Wl 1 =1 1.85W,, ol {2+ (] = (1, Wos g0l 5
AR R I R P S L PR N Lo | oa Sy | A AN
= (mm) |, ° g_/cm (mm) o T (mm) ¢m (mm) mm
(mm) {(mm)
DT-1S 0.77 10 35 | 300,000 18500 63 34.265 642,460 -0.683 33.582
DT-1D 0.78 7 31 | 300,000 -12.950 35 32.799 883.219 0.497 32.302
DT 25 0.76 -5 25| 300,000 9.250 45 27.170 1,178,386 -(0.372 26.798
DT-2D 0.72 4 221 300,000 7.400 39 22752 1,586,878 ~-0.276 22.476
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Table 19 Cambers at Final

Woell | Piell 2.40W, 2.20Pi 2.30Wq 4 5

}\]’é‘ji-“ ECE”g/EC,p( %]f,‘—} o] &t Ev,lrisgz —0]- ‘Oﬂ [(2)+(3)]x (1) Ierp g%{%% 0“9]7:5}7?1 ;‘33}
Bl (1) | AR | A8 [(kg/em)| 2 S| oA H (mm) (em”) () A (o)

(mm)| (mm) 2).(mm)| (3),(mm) mm m (mm) m

DT-1S 0.77 -10 | 35 | 300,000 -24 77 40 642,460 -0.683 -1.570 38
DT-1D 0.78 -7 31 300,000 -16 68 40 883,219 -0.497 -1.143 38
DT-2S8 0.76 5 25 | 300,000 12 55 32 1,178,386 | -0.372 -0.855 31
DT-2D 072 22| 300,000 -9 48 27 1,586,878 | -0.276 -0.634 26

Table 20 Flexural Strength of Specimens

NEA | A i b L d g ddy| | e | e | B T fr | A a M,

(em?)| (em) | {em)| (cm) (kg/cm®) (kg/cm?)| (kg/cm’) emd| @ |[©™| (txm)
DT-1D{ 59 120 | 56 | 425 | 1.32 | 18983 | 0.28 ] 0.00116| 0.7 300 181396 | 5.7 |0.0113]| 4.26| 55.81
DT-1S| 59 120 | 635| 45 | 1.41| 18983 | 0.28 | 0.00109| 0.7 300 18186.4 | 57 |0.0101] 427 | 60.33
DT-2D| 79 120 | 71 1525|135 ] 18983 | 0.28]0.00125| 0.7 300 181502 | 5.7 |0.0089] 543 87.06
DT-2S| 79 120 {795 | 533 | 1.49 | 18983 | 0.28]0.00123| 0.7 300 18162.1 | 5.7 [0.0080| 5.43| 90.14
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2 AvE BerlE gAne AT4 (Kistep)sh A4 NO. 1, February 1969, pp. 6271,
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oz Hxd F=2 AR BEA g of PCI, V. 30, NO. 2, March/April 1985, pp.
172-182.
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Structures,” Journal of PCI, V. 60, NO. 6,
1. ACI 318-95, “Building Code Requirements June, 1963. pp. 719-742.
for Reinforced Concrete and Commentary(ACI 8 Lin, T. Y., and Burns, N. H., Design of
318~ 95) ”. Detroit, Michigan. Prestressed Concrete Structures, 3rd ed,
2 PCI Design Hand Book, 4th ed, Prestressed Newyork, 1981, pp. 646. ;
Concrete Institute, Chicago. 9. Nawy, E. ., and Huang, P. T., "Crack and
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