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Design and Optimization of Prestressed Precast
Double-tee Beams
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Yu, Sung-Yong Min, Chang-Shik

ABSTRACT

Optimization scheme is presented for the design of precast prestressed double-tee beams
used as slabs in the parking or market structures. The objective considered is defined by
a function that minimizes the height of the double-tee beam, including the prefabricated
element and the concrete topping poured in a second phase. The Sequential Quadratic
Programming method is adopted to solve the problem. As an example 12 double-tee
beams are designed with the design loads of the current design code of our country. The
results from optimization process show that at least 29 cm less in overall height than
that designed by PCI design handbook.

The section determined from the optimization process was refined for practical
considerations. A MathCad 7.0 Pro Spreadsheet was prepared to verify all ACI
requirements for flexure, shear and deflections.

Flexural tests are performed on four full-scale 12.5 m prototype models and show that
all the specimens are fully comply the flexural strength requirements as specified by ACI
318-95. The present optimization scheme can be used for wider application of the design
of precast prestressed double-tee beams with different materials and configurations
particularly for in a large scale or for important designs.

Keywords : optimization, pretensioned, concrete, prestressed, section, depth
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sl %‘Xﬂ@"b— EEAHQA AEFS Adetele
8422 Q3tod, o] MU F2E FFiofet 7|
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A @3 (transformation methods) 2.2
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244 kgf/m” (50 psf)¢t ¥&% 600 kef/m”
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Table 1 Loading condition

Superimposcd | Superimposed
et AH8- | Spe ,
Beam ‘}io pan AR Dead Load Live Load
No. | 54| (m) i .
(tonf/m™) (tonf/m”)
DTr-184 & Straight
. j 1-Point 0.6
-
Depressed
12.5 0.244
DT-25 " Straight
2
. % 1-Point L2
DT-2D ©
Depressed
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Table 2 Material properties for design input

£, for
s fe for i mifd bar fou for | fa for CIP
PC & wire Strand topping
AA| 490 | 350 4,000 18900 | oo tem?
7} % |kef/em?| kef/cm® kef/em® kgf/em? si/em

4. CEEE 22| X3

ZMAE Ho| R A% g4& 1ed)
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Agstdm, A AL ACI 318-9594 =
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213 Wee oed 2ok (Fig. 1 #a)

X1- 2044 (3)
X2- 134 w4y
X3- 2ol 7
X4- FAA F=A
2,400

Xt=Pi = ' %
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Fig. 1 Sectoion of double tee
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Minimize F(X)
subject to (4)
gi(X) < limit

245
F(X) = X39] #H&ag (5)

Aol 671K FH(@UAF TE)L o 4
(6)3} 2t}

gl(X) = X2 =2 0 cm

g2(X) = X2 < X3-114 cm (=4.51in.)
g3(X) = X3 =z 38 cm (=15 in.) (6)
gd(X) = X3 < 66 cm (=26 in.)

gh(X) = X4 < 10 em (=4 in.)
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g6(X) = X4 = 5 ¢cm (=2 in.)
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B4 ®)
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Hol gy
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wel £ (A

M; RP, RPe
gl3(X) = —— » St v, 03
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< 1.6V 4 = 35.4kgf/cm® (%) A3} toolboxE o] &8t TH,
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o 7] o] A] € otfet 2t
Mg - B9 838 n335 2 gskadd 9 .
g B =olxe 3 FWE(X3% X4 X1 = =944l 140.6 tonf (310 kips)
o) : X2 = 35.3 ¢cm (13.91 in.) (A2 =40z
Ma - 2ot BREA neE 2 FetE o TH SREEe 249 AL)
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wi - AHlo] e TRIAS(X3% Xde] ) SHTS A
wee - BYVEAA Gedo] P BRAS g7 = 30.1 kef/em’ (428 psi)

X4 = 5.1 ¢cm (2 in.)

(X39} X49) ¥2); g8 = -214.9 kgf/em” (-3,056 psi)

— 2 .

wy - Bhelol] vt BEAS (X35 X49] §H4): g9 = 2.6 kef/em’ (37 psi)
e ~ BTN Sdol] o TS g10 = ~155.3 kef/em” (-2.209 psi)

(X39F X49] &) gll = 24.9 kef/cm® (354 psi)
AR (X)) g12 = -170.7 kef/cm® (-2,428 psi)

P «

R - ZoAEds A2 16%: g13 = -15.5 kef/em” (-221 psi)
A

e

- =ag)e oA (39 X49) §4); gld = -62.4 kef/em’ (-887 psi)

_ pMEe) WAl gl5 = 24.9 kef/cm® (354 psi)
g16 = -170.7 kef/cm® (-2,428 psi)
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gl8 = 31.4 kef/cm® (446 psi)

fx - 2AYEY AFUE = 490 kef/cm®
("= 7.000 psi):

fo - 27 FAYEYERE = 350 kgf/cm®
( = 5,000 psi):
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5.1 HZol&of 25 dAH|

g AW Fe WY H& T HEH &
A dste], HHolgd HBdlH FAE TR
st R=A3

Fo ARPE 7 F AU
RE FEREL 1% VT HHd FHEn
HAck. AtdlE oA BE upeh 2ol
zZMAE G i el AAGAE 1Y
3 FEHRSE o83t B Aoy AdE =
2aYE ol &3t HHg e dE + Utk A
A Al Bag Alztel] WlgE £ AFA A
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g ojah7} olHe HZshn, olF FHEL7] el
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Table 3 Comparison of the results of PCl design
handbook and optimum design process

Beam | PCI Handbook Fzo|goz AU
No. |FA4A 54 (cm) F4A A (cm)

DT-1D 89 60

DT-18 67.5

DT-2D N/C 75

DT-25 82.5

o] dwol uj$- AAY F8 3 FRES AAE
g 2 $840] g2 43tE Aot

Folz  FFd dsld PCI  Design
Handbook® ol |& AAS #Polgozel A
A FAZS vlmsled BE o-g9 Table 37 &
tt. DT-1D9 AAE ¢ste] Table 19
Superimposed AAsHFT nFe}FS t LA
0.844 tonf/m® (173 psfel®, A:A 12.5 m
(41 ft)oll Beh= HEEE 244 m (8 f1) &
#dx Z dEEAME sEAEE 2FAsH,
3.05 m (10 ft) Z¥A ZF9] 10DT32+28.9]
ZAE] 108-D1& HE3ME =, 128 m
(42 ft) 2%l 0.874 tonf/m* (179 psf) 3t
% 7R sbsdttl o] AE, Sl AAEAl B
S 238 7.5 cm (3in.) & EH FAE 1
gabd Hol AA FAE 2.5 cm (1 in.) Eob
Z1 89 cm (35 in)7} Hl2Z, & Ao At
g 75 cm (3 in.) BB A8 E, DT-1D9
AA 2 60 cm Rt 29 cm A AA FHo
2 Aztg 4 9dtd (PCI Design Handbook,
pp. 2-23 #m). DT-1S, DT-28, asm
DT-2DE U9 #=g AAE TT2E PCI
Design Handbook TE 2% AAE & gk

5.2 A &1t

iy gue Mul @ BM2 Spreadsheet
program® AME-g B =& wE 5 Uth
Mathcad 7.0 Pro Spreadsheete ¥, AT,
Aol g nE AeAdAe 8FAEE e

Table 4 Input values for optimum design process

Name of Span Ao S. Live Load S. Dead Load
Beam Use (m) adnd (tonf/m?) (tonf/m”)
DT-18 . Straight

Z 3} A

DT-1D A% 12.5 1-p. Depressed 0.6
DT-23 . ' Straight 12
DT-2D 1-p. Depressed )

DT-33 = Straight 0.6

DT-3D 10 1-p. Depressed 0.944
DT-48 A Straight 12 ’
DT-4D 1-p. Depressed :

DT-58 } Straight
Z 312}

DT-5D AR 15 1-p. Depressed 0.6
DT-6S P Straight 12
DT-6D ° 1-p. Depresse ’
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Table 5 Result of the least depth double tee section for domestic loading and span condition

Name of if"‘ 3“3: E o | o o2 A4 B4 Aw | A
Beam " (&2D] (em) (em) eend (cm) | emia (ecm) | Ay(em) | Apelem)
(cm) (cm)
DT-18 60 13.6 & 19.98 | 41.02 25.77 25.77 1.93 1.68
DT-1D | 525 14.4 17.18 | 36.19 15.86 26.03 2.34 1.25
DT-25 75 12.0 5 25.44 | 50.81 27.96 27.96 1.73 1.8
DT-2D | 67.5 12.8 2272 | 45.9 17.94 28.11 1.96 1.7
DT-3S | 47.5 14.9 ) F 14.61 | 33.68 25.42 25.42 1.75 1.52
DT-3D | 425 15.5 12.71 30.5 17.79 26.05 2.19 1.7
DT-4S | 57.5 139 0 1855 | 39.9 2993 99.23 1.58 1.65
DT-4D 55 14.1 17.54 | 38.38 21.6 31.77 1.73 1.75
DT-58 75 12.0 0 25.79 | 50.45 39.39 39.39 2.29 1.65
DT-5D | 67.5 12.8 2265 | 45.98 25.42 43.21 2.9 1.98
DT-6S 90 10.4 ” 32.93 | 59.27 43.21 43.21 2.21 219
DT-6D 85 10.9 30.07 | 56.35 25.492 45.75 2.29 1.91
F0L O - BEEAA 4ED Q4ARAR Ae
Cout, Enpt — THE-SF FYRo|M AN E BAZAT A
A Ao - A HEA gk At ALRaHEeke] A7
G =R Hoigdt, HAs mgd olsted 2%
H ogue A B4 gatd AFHUD
Abgabe we] A5, ARgd, aE, £4., 7] ‘ 240em )
e Hae Mus olus ob & 5cm CIP Topping
gl BNl Fazt JHE Jgsteiof g} ; G WAE } i §
AR tgE fadEe] &8 AgAs} R s 1 |
Azd = Ut Hag 59 arie g P& y “ BO-WEWE WE | c
F ook R Hgol sbedA £ A= 2-013 | 6.1.270m Grade 270 !
N o !
7o) AbgEojof dhea], Wil Gl x| 5019 looam
2 adgoen agd £ ot =3 o] Tga DT—1S " - 1475m
Wo olgale] zy) HA EiEd~E I3 eom ~ t20m
dod #4E AR 4 vk AAJE B Table
4¢ thet A= Table 59 AAHo Aot
240cm )
" /- 5em CIP Topping ;
5.3 AA| =t T Bead WA E
7 " 19.680m
HAs] oar FaE UREE 2 A} | ee-wsws W | |
e AEAe] ZAEFAS nhEsExE s 2-DI3 6.1A27cm,Grade270T~.:' g
7] gelA vlBEe] wEel AZE BRE A 2 Fofem
. . - . - . 2-019 OT-2S f5.2m
N Adsle ARt @% A2y .
HEEd e 289 FEE AL F genz o * 120 ;

B ode

o3}
HEHE A4 "ak 98 Aol Agelge
= 47" AgAel #Ae theel Table 63
2o A" Agale gust
Fig. 29 Fig. 3¢ AAsle] ek,

o

Fig. 2 Resuits of optimum process{cont.)

o
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- 240cm "
5cm CIP Topping
BG—Axd WAF
;o . 196%m &
I T !
|| BEWEWEWAF ’
i3 IV 61.27am Gage 2703t | 8
2-D19 b S Bnat cnter S,
OT—1D 12m at end
L .42
| 80cm _ 120cm J
. 240cm .
50m GP Topaing
B6—xd WWF g
Y . . 196%m
b ! I2EE - :
| ] OEwWEMWEWF ‘\
2-DI3 +4-¢ 6.1.27om, Grade 270, | 5
| i am
sos b OI=AD 7 | Ematcenter
12.50m at end
_ 14.05m
. 6001’T1 4 120cm =
Fig. 2 Results of optimum process
Table 6 Dimesion of precast specimens
AEA No. | MO | B Zmm) | oo
DT-1D 525
DT-1S 600
—— 12500 1,200 —
DT-2D 675
DT-25 750
I 125 n I
TornmImmn o] 8
125
PLAM
LS m
xn CIP Toppino JR S
6!6‘414\/\#}'

:cn nt cemer
at f
GRE70. 1£.3Mn Diw Strond

Fig. 3 Plan and elevation of single tee with the least depth

(DT-1D)
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Table 7 Comparison on calculation of nominal strength
and experimental test result

Al o) A) o s
A& A =3k Fm AEE 7 &
NO. | dage | aasts | Qa7 et Addsls| A&t/

(tonf m) | (tonf) |(tonf m)| (tonf) of|
DT-1D| 55.81 20.2 - - -
DT-18| 60.33 | 22.08 | 72.07 | 26.09 | 1.20
DT-2D | 87.06 | 31.51 | 94.59 | 34.24 | 1.09
DT-28| 90.14 | 32.62 | 109.88 | 39.76 | 1.22
B | 73.33 | 26,60 | 92,18 | 33.36 | 1.17

Fig. 4 Flexural test (DT-13)
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