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Motivation

> To prepare simplified numerical codes for evaluation of

bending resistance and deflection of a T-beam.

> An extension of simple probability-based model (Le et
al., 2018") for resistance of a simply supported pre-

stressed concrete beam.

> ldea came from the project related to preparation of
advanced precast concrete involving ZPSV copmany and
IPM CAS.

(*) Le, D. T. et al. (2018) ‘Time dependent variation of carrying capacity of
EEM prestressed precast beam’, IOP Conference Series: Earth and Environmental Sci.,

143(2018) 012013, IOP Publishing, doi:10.1088/1755-1315/143/1/012013.



Outline

@ Introduction

@ Material properties

@ T-beam bending resistance and deflection
= Probabilistic modelling

@ Numerical examples

m Sample section optimization

B Summary

m Conclusions

ISTY




Introduction

m Goals:

= Set up numerical procedures for evaluation of

bending resistance and deflection of the T-beam.

s Consideration of random variation of time-

dependent concrete strength and elastic modulus.

= Assess performance of pre-stressed concrete beam

with respect to section optimization.
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Introduction (cont.)

= Methodology:

= Set up a simple model for the probability-based
bending resistance and deflection computation of a

simply supported pre-stressed concrete T-beam.

= Prepare a procedure for the estimation of time
dependent bending resistance and deflection of the

beam using Matlab environment.
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Introduction (cont.)

= Factors to be considered:
» Availability of time dependent behavior of basic
properties of concrete:
o Elastic modulus

o Compressive strength

= Position of pre-stressing tendons in the section.
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Introduction (cont.)

B Used means:

+ Monte Carlo simulation based approach.

+ Normal distributions of compressive strength and
elastic modulus of concrete as well as effective height

of the cross section.

+ Matlab compatible environment.
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Material properties
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Material properties (cont.)
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Material properties (cont.)

Elastic modulus of concrete sample at t days:

Eeest(8) = 1 (Ece(®) + cov(Ee aupe (28)) 1 ( Eeesa(0))

H(Ewl{r}) . mean value of elastic modulus of sample at age t;

cov(E..une(28)) - COefficient of variation of elastic modulus of sample,
t = 28 days.
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Material properties (cont.)

Cylindrical strength of sample at ¢ days::

fl:'_.l:'}?]. {:ﬂ = H (fn:',c-}rl {:ﬂ) T+ CO lr"{:.ill:lu:',u:'u]:l|=_t{:2 B}}'f-‘-" (fn:',c'yl{:t})

u(f.:,.:,,,l{t}] : mean value of cylindrical strength of sample at age t;

cov(f. .1e(28)) . coefficient of variation of cubic strength of sample,
t = 28 days.
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T-beam bending resistance & deflection

m Computation model:
b

N /&

... _
= Tendons— | |

Height of compression zone is larger than the flange thickness

Ultimate bending moment resistance:

MM M, = F,y(d — 0.4x) + F.,(d — 0.5h;)




T-beam bending resistance & deflection

E.; : compressive forces (kIN) in concrete from web:

r;J._ ﬂaf::;p b'lﬂrx

F_, : compressive forces (kN) in concrete from flange:

Fen = E'Bfﬂ_.ﬂ_‘_n-':{b - bw}hf

x : height of compression zone (m):

Fep—Fpn
8 fcypibw

/T 8

X =




T-beam bending resistance & deflection

F,

relaxation losses, computed as:

. total prestressing force (kIN) in all layers of tendons after

F., = LN, A sigma_pst

sigma_pst : prestressing stress (kPa) after relaxation losses:

t (hour)

[

200.000

sigma_pst(kPa)

sigma_pmax

sigma_pmax% .85

sigma _pmax= 085 x (.85

sigma_pmax
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T-beam bending resistance & deflection

Height of compression zone is smaller than the flange thickness

Ultimate bending moment resistance: M, = F.(d — 0.4x)

Compressive force in concrete: F. =08 feepqbx

__ Fep
B f e oyl

Height of compression zone:
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T-beam bending resistance & deflection

Deflection of the T-beam

Instant deflection at middle of the beam in the time when the
test of ultimate carrying capacity is conducted:

W =W ™ Wy T WF

w, : deflection (m) due to dead load

w, : detlection (m) due to prestressing force

wy : detlection (m) due to induced moment without
prestressing.
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Probabilistic modelling of T-beam

= Monte Carlo simulation technique:
Creating 3000 MC samples
Running the model

Analyzing the data

ISTY
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Probabilistic modelling of T-beam

m Generation of random variables considering
normal distribution:

Transformation formula:

N{p.o)=p+oxN(0,1)

For time dependent parameters:

IF e

N(p.o.r= u(r) + o(f)* N(0.1)
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Numerical examples

b=29500

=
—

h =560

— A, =150x10° m?
3 layers x 4 s o @f E'\)
wires of tendons e © o o ,prl = 1687)(103 kPa

-

» effect of conventional reinforcement is neglected

> top layer of tendons was not considered in the calculation
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Numerical examples (cont.)

= Deterministic solution:

:h=056m,b=09m, hf= 0.18 m,
b,=031m,c=008m,t, =0.05m,d=052m,[=7m.

Geometry of section B: h=12m, b =09 m, hf =(0.22 m,
b,=031m,c=0.08m,t, =0.00m,d=112m, /=7 m.

A= 0.5018 m?

Section B @



Numerical examples (cont.)

= Deterministic solution:

Prestressing tendons:
AP = 150x10° m?,
foo1 = 1687x10° kPa,
sigma_pmax = 1400x10° kPa.

Limit strain of concrete and steel:
+ ¢ =0.0035,
+ ¢ ,=0.02.

Concrete properties:
+ p=2390 kg/m?,
+ E_=26.522 kPa,
+ [, qn = 42.531 kPa.
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Numerical example A

= Deterministic solution:

Results from deterministic analysis of considered

T-beam (

Determurustic analysis
results with 4 = 02798 m?

f<3days=72
hours
(at =2 days)

72 hours =7 <
300000 hours

(at =14 days)

f =

=

0.000
OUrs

(at =28 days)

ol

the ulbmate loadmg (m)

Bending moment S - <
resistance, A (kNm) 12274 1.076.1 1.080.3
Vertical deflection, w, at

rmiddle of the beam under 0.0200 00135 00125
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Numerical example B

= Deterministic solution:

Results from deterministic analysis of considered

T-beam (A = 0.5018 m?)

Determmmstic analysis
results with 4 = 03018 m?

f<3days=72
hours

(at /=2 davys)

72 hours = f <
300000 hours

(at 7 =14 days)

the ultimate loadmeg (m)

Bending moment 4 - ~ S
resistance, My (KINm) 21394 23613 2363,
Vertical deflection, w, at

middle of the beam under 0.0047 0.00351 0.0020
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Numerical examples (cont.)

= Deterministic solution:

Bending resistance of considered T-section in this study
versus bending resistance of rectangular section investigated

in (Le et al., 2018)

Bending moment resistance, Mr (KINm) increase [?;:- .12:3 crease ()
Age of Fectangular
58 0 T-zection, T-zection, section,
concrete o . P
day oA A 5 5
[day8) | 92708m? | 05018m? | (Leeral. @vs.(e) | (P)vs.(e)
(a) (b) 2018)
(c)
f=2 12274 21,7394 1458 4 - 158 %
=28 1.080.3 23637 1511.8 - 28.3%




Numerical examples (cont.)

a1 e . . Ecm{t} = {ﬂ?ﬂ{t}f{ﬂm}DEEnn
= Probabilistic solution: fom(®) = B._(6). fom -

Parameter Notation Mean Coefficient of Transformation
vanation
Elastic modulus of E; l.}.,-{t:l eq. X.1 00388 m (Er r}_f{ﬂ) i
concrete (kPa) 0.0388N(0.1)
Concrete strength (kPa) £our(t) eq. X2 00388
i H (ﬁ r}'i{t]) +
0.0388=N(0,1)"
Effective height of the d 0.52 0.0096 a=0.52+
beam (m) 0.003=N(0.1)
Thicknezz of the web By 031 - -
(1) ] -
Thickness of the flange By 018
(1) *
Loadmg span (m) I 6.83 - -
Width of flange of the b 09 - -
considered beam (m)
Height of cross section i 0.56 - -
of the beam (m)
Cross-sectional area of Ap 150x10F - -
prestressing tendons
(m*)

0.1% proof-stress of fpo1 1687=10° - -
prestressing steel (kPa)

Thickness of concrete c 0.03 - -
covered layer (m)

{(*): Please be noted that E; o7} and f; oi(7) are considered as uncomelated parameters here.



Numerical examples (cont.)

@ Distribution of bending moment resistance (kNm):

. Mr=1227 Mr =1076
. 2days 14 days

v e o IR e e W e EE & WAL - & b

. Mr=1080 ~ Mr=1090
_ 28 days _ 365 days




Numerical examples (cont.)

= Bending moment resistance of cross section of the T-beam

Age of Eending moment resistance of the cross section of the T-beam (kINm)
concrete . . . . :
¢ (days) Mros (3%) Mrsp (30%) | M5 (95%) | Determimistic analysis
2 1.206.072 1227498 1248023 12274
14 1.038.065 1075979 1,003 892 1.076.1
28 1.062.720 1.080.230 1.097.740 1.080.5
363 1.072.400 1000412 1.108.424 1.000.5
L
E
Z
=
g -4 Mr05
B 1200 —=— Mr50
E - &k —NMro5
g - -
E ___________________________________________________________________ *  Mr-Det
oy
1':“:“:' I I I I I I I I I I I I 1 @
0 30 60 90 120150 180 210 240 270 300 330 360 390 @
Age of concrete [days) W



Numerical examples (cont.)
m Vertical deflection of the T-beam

Vertical deflection (m) at the muddle ofthe T-beam
Age of concrete —— )
Probabiliztic solution . :
f{davs) _ Detenministic solution
(maximmum value)
2 0.0166 0.0200
14 0.0111 00133
28 0.0113 00123
363 0.0002 00008
L T
B 002 oo
=
ED.DZDD -
= —&—w_prob
,ED.DIED """"""""""""""""""""""""""""""""""""""""""""""""
g i et
§0.0100 e - —w i
ED.DDED s
0.0000 T T T T T T T T T T T | 1
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Sample section optimization

= Input parameters for the optimization

Geometry of the section:
h=056m,b=09m, c=0.08 m,
t, =0.00m,d=052m,/=7m.
hi;and b, are variables

Distributions:
E. yi(t): normal distribution
Jeeyi(f) : normal distribution
hy : uniform distribution

b, : uniform distribution

@H%



Sample section optimization (cont.)

= Partial results in case of t = 28 days

Maxim ' ce, M vertical Maxmmum vertical
Age of A= 11223 deflection, deflection,
COmCIEte, KNm min_w=6641*10%m | max_w=0080m
f{days) A

N &uw(m) Br(m) | Bu(m) | Ar(m)

\Qiﬂll 0.358 0415 0326

28 |
2D plo/MC \tt= 28
¥ N
E 1100}
=
-~
& 1050} d R
|

1000 : : :
02 03 U4 05 06 07
b, (m)




Sample section optimization (cont.)

= Partial results in case of t = 28 days

2D plot, MC steps = 3000, watt= 28
0.1 ; : . .

0.1

0.1 015 0.2 025 03 035 005 01 015 02 025 03
A1 (m?) A2 (m?)

0.1 - - T - 0.1




Sample section optimization (cont.)

= Partial results in case of t = 28 days

2D plot, MC steps = 3000, Mr versus watt= 28

1130 T

| | I I | | I #ﬂ
0 001 002 003 004 005 006 007 008 009

e




Sample section optimization (cont.)

m Overall results

Two conditions of section optimization:

v vertical deflection (w) of the cross section
is always smaller than maximum allowable
vertical deflection (w_Ilim);

v bending moment resistance of the cross-
sectional T-beam (M, is larger than
minimum value of bending moment
resistance of the beam at concrete age of 28
days.




Sample section optimization (cont.)

m Overall results

WVertical deflection Bending resistance Area of cross section
= o a-'?_ ey a-'?_ o E.E
= @ £ |23 el £ |[b,=03079m.
= = B = = 5| = N = =
= E Z 2| @ =2 2| @ = 22| @ | g _ -
2 = T = -5 a = o T 7] :
_
5 / ’—>
Ta=10" 3 2 27 7 5.
1 B=10 03 0.3 1098 8 o 0. 02743 o 0 054
2 13=10"¢ 07 0.3 11009 of 02 | 02897 04

3| 12=107 | 99 | 03 | 11013 97 | 02 [ 035016 90

=

4 | T8=107 | 98 | 03 | 10953 0 | 02 [ 02940 93

: : = = :
[ [ LA LA [ [ LA LA [ 7|\
=
LA
Lad

5| 29=10% | 96 [ 03 | 10906 21 02 | 02877 95

=

6 | 81=10% | 93 | 03 | 10869 71 02 | O

]
[
=
Laa
=
p =
=)

7| 86=10%| 93 | 03 | 10926 85 | 02 | 020933 03

=

g | 64=10~ | 81 | 03 | 10928 86 | 02| 0

Ped
LA
Lad
L=
0
=
=

91.0

o | 63=10~ | 81 [ 03 | 11001 96 02 | 02810 95

=

01.0

10 | 1.1=10% | 97 [ 03 | 10984 94 02 | 03110 86

=

o009




Sample section optimization (cont.)
@ Overall results

Vertical deflection

Bending resistance

Area of cross section

.-E.‘_"\. rE.‘_"\. .E.‘_"\.
z 5 = | B 5
= = ¥ = = =S %| = = = -
Sl = |EE] 2| 2 |22 2| = |£2]
4] 5C
3 3 T ¥ YT AT T
1 |176=10 23 | 0 10988 @3 | 0.2 ||0.2743 97 0. 254

£ [[5,=03079m
= |h,=0.1721 m
e

;D plot, MC steps = 3000, Mr versus watt= 28

1040

i
0.01

i
0.2

i
0.03

i i
0.04 0.05

w (m)

1
0.0

i
0.07

i
0.08

0.09
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Summary

A simple probability-based model for the bending resistance

computation of a simply supported pre-stressed concrete

l

Numerical codes for evaluation of bending resistance and

T- beam is set up.

deflection of the T-beam were composed.

!

Simple MC-based section optimization of

EEM the T-beam.




Conclusions

» Computation of bending resistance and vertical
deflection over the time of a prestressed precast concrete
T-beam was done.

» Randomness of selected parameters were considered.
» The performance of the T-beam under prestressing

was studied via numerical example by application of
Monte Carlo simulation technique.
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Conclusions (cont.)

» Dimensions of T-section of the beam in the example
were also optimized based on:

* maximum bending resistance

" best performance of vertical deflections.

» Optimization results are consistent with those of
bending resistance computation part.

I

The built procedure for section optimization seems to be
applicable for prestressed concrete T-beam.




Conclusions (cont.)

This work should be further developed with:

\/

%  taking into account of tendons in the top part of
the section and longitudinal reinforcement;

o

¢ considering impacts of shear resistance;

N/

%  studying effects of cracking of the beam.

/T 8



Thank you for your attention
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