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Technical Aspects of SFRC
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crack becomes the last crack with no possibility of load

Not suitable for statically determinate systems where the first
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Design start from Guideline

AR

Guide for Precast
Concrete Wall Panels

Rapecing iy ACI Comemess 511

PCI A
TEN American Concrete Institute® DES' N
Qo HANDBOOK

PRECAST AND PRESTRESSED CONCRETE

PCI ottt

(a) Two-Point Pick-Up
Maximum Moments

w = weight per unit area

2
M,= Y8 (per unit of width)
-M,= +M, = 0.0107wab?

M, resisted by a section of width a/2

(b) Four-Point Pick-Up
Maximum Moments

Locations Shown for Equal Pick Loads:
2

M, = I‘Bﬁ (per unit of width)

M, = +M, = 0.0027wab?

M, resisted by a section of width af2
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Design start from Guideline

Figure 5.2.2.1 Positive drafts and breakaway

forms

Figure 5.4.2.1 Panel warpage in storage
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Section A-A
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Design start from Guideline

Figure 5.5.3  Equations for equal tensile stresses at top and bottom of member

Figure 5.5.1 Transporting single-story panels
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(a) One End Cantilevered (b) Both Ends Cantilevered
x:%{n Yo _ 1+1"—} X —
v s
Yo
Where:

yp = distance from the bending axis to the bottom fiber
y; = distance from the bending axis to the top fiber
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Design start from Guideline

(b) Panel with openings

7:2% 7.3k 6.4“ 8.3%
Analyzing as a continuous beam |
with rigid supports: a7 10.3 103 “ ———
"'-".’ | S A S W AL S ' T I s... - /
¢ - (6.8)1.4)12) w= 10K T~ | w=05k] wF1L0KR '-osk w= nom |
[ —
1280 1=5120in.4 : =25390n* | "5120 in# :‘ 2539inf' 1= 51?0 ind
=0.089 ksi art| eo 9.5 | 6.0 9.0 — i
ort, - (5:9)01:4)12) =) - : R e ——|[ 10 ft Wide Panel
5 1556:9 E— ' : o . A - Weight = 400 Ib/ft
=0. si ——
0.155 ksi < 0.274 ksi OK : | < -3
Because there is a false joint g £ . Provide Pipe Brace
near the point of maximum stress, ? i p
:i?ilg:late stress using reduced cross ;‘:l 1 5 pSf T < (PUSh-PU")
; e ‘
—— Axial Load =
S, at false joint: - 0.6 Ki ft
2 i
(120-60)(8-?-) iy — +0.6 kip per
e S (kip=f) - Width of Panel

6
=526 in.}

fi =0 155( 640}
26

=0.189 ksi < 0.274 ksi OK

ﬂj-\—Concrete Dead Man
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Resisting Force
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1

RN

high ductility




i ! From material characterization to

design rules = international standards

fib Model Code for

() Model Code 2010 (global)
@ DAfStb guideline (Germany)
() ASTM 820 - C 1018 (USA) (7) ACI 360 - ACI 544 (USA)
(¥) JSCE - SF 4 (Japan) (V) TR 34, 4™ edition (UK)
@ Efnarc/Rilem/CEN (Europe) @ DBV, fibre approvals (Germany)
(¥) CUR 111 and BRL 5060 (BE/N/LUX)
2‘335::%'&38‘;2“'“ @ SIA 162/6 (Switzerland, Tunnelling)
(V) ss 812310 (Sweden, Yield line)

() GB 50037 (China)

@ SOG chapter of
< SFRC structure design code >

Many others ...
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Flexural Strength — EN 14651 Beam Test

Test Method for metallic fibered concrete — Measuring the "
flexural tensile strength (limit of proportionality (LOP), residual). —
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e =+ ——t -—= () The entire beam geometry is standardized
&) Known crack location
section A-A
s ) Reflective of true engineering properties
Pl (CMOD — flexural strain — axial strain)
i L | (Load — beam geometry — stress)
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There are fibers of every size
and every shape...

But Fiber # Fiber
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4 Important Factors Influence the Performance
of Steel Fibers in SFRC

Tensile strength
Anchorage
Mechanism

Aspect Ratio:

Collated Fibers Length to Diameter
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The performance of steel fibers depends on the Anchorage
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Determining the Section Moment Capacity:

Flexural Stress

S b
;. bedadis - M = FL/4, f, = M/S
" | s
—_i__ ’ ‘ {T\) |’ ' | ﬁ.j 1 NS ot G
" s g8
2 ) @ a8 25 150 :
| 5 AA .
% detail N : ! '
T {notch) P, : | | CMOD fmm|
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Tension Stress
Constitutive model oo = 0,45 fp1,

w,
™ T\ fru = fas — Tg%(fns —0,5fr3r + 0,2fr1) 2 0
fu

o(e) < 03 <el 00001 s ¢

ct.max

Section moment capacity

Y . U Section Moment
Capacity

---------
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ULS: R; — Vg,
One Way Shear Capacity

Shear Capacity without Shear Capacity with SFRC
SFRC F region of changing region of the uncontrolled ‘F

change of the course of the beginning of the uncontrolied the course of the crackpropagahon

crack and beginning of the crackpropagation i crack
controlled crackpropagation '\ ! \

|  Contribution of fibres
Ohne Stahifasern Stahifasern 40 kg/m* B Coatribution of matix &
nBL.Oe;:‘l“ o O 0 OA BL}gG' '\W_ - OO OA stumup reinfoscernents

F,=181kN _ F,= 240 kN
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Dosing, Mixing and Finishing



Dosing of Steel Fibers

 Can be dosed at the job site and the
batch plant

« Depends on the project
« Dramix® comes in 44 |b. bags

« Bekaert provides conveyers (if
needed)

* Fibers should never be the first in the
mixer

* Mix at 10-14 rpm for 70 revolutions
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Easy Placing of Dramix® Steel Fibers
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Easy Placing of Dramix® Steel Fibers
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Vibrating and finishing
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References



Stair Precast Element

Thailand
200kg/m2 UDL
Full Scale test to ensure structure
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Moment Capacity
design approach
safety factors
reinforcement layout

beam type section

DAfStb Technical rule on Steel Fibre Concrete
Structural Applications, Ultimate Limit State

Combined

Geometry: beam type section

h
b,

Fiber Concrete
concrete class

residual strength &4 ,
residual strength g4

Steel Fibers
Dramix® fiber type
recommended dosage

Reinforcement
yield strength f,
Reinforcement A,
bar diameter dq

number of bars
rebar cross section

concrete cover Cpom

Bending Moment Capacity

Mgq
N

120 [mm]

1000 [mm]

C28/35

2.70 [N/mm?]

3.00 [N/mm?]

Dramix 4D 65/60BG

20 kg/m?

390 [N/mm?]
(bottom)

12 [mm]

3 [-]

339 [mm?]

30 [mm]

13.31 [kNm]

0.0 [kN]

4D

(according to EN 14651
(according to EN 14651

(EN 14889-1: System '1' - Structural Use

(recommended dosage for testing according to EN 14561

Reinforcement A,
bar diameter d

number of bars
rebar cross section

concrete cover C,om

n/a

(compression force: negative sign
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House Slab Precast
Element

= Thailand

¢ = 200kg/m2 UDL

4 = Fiber + PT

= Full scale test with
varied PT to Optimum

Design
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Moment Capacity slab type section
design approach DAfStb Technical rule on Steel Fibre Concrete

safety factors Structural Applications, Ultimate Limit State
reinforcement layout Fibers Only

Geometry: slab type section

h 140 [mm)]
b, 1000 [mm/m]
Fiber Concrete
concrete class C30/37
residual strength &, 1, 248 [N/mm?] (according to EN 14651)
residual strength g, 212 [N/mm?] (according to EN 14651)
Steel Fibers
Dramix® fiber type Dramix 4D 65/60BG (EN 14889-1: System '1' - Structural Use'
recommended dosage 20 kg/m? (recommended dosage for testing according to EN 14561)
Reinforcement Fibers Only
yield strength f, - [N/mm?]
Reinforcement A, nia Reinforcement A, n/a
bar diameter dg - [mm] bar diameter dg - [mm]
bar distance s - [mm] bar distance s - [mm]
rebar cross section/m - [mm?3/m] rebar cross section / m - [mm?3/m]
concrete cover Cnom - [mm] concrete cover Cpom - [mm]

Beading Moment Capacity = Capacity at 5% strain to match with PT requirement

Mgy 5.26 [KNm/m]
N 0.0 [kN/m] (compression force: negative sign|

® BEKAERT
Calculated moment direction: positive moment capacity Data Base 1.1.1 :

Moment Capacity 3.1.6



House Slab Precast Element
(Wash area)

Thailand
200kg/m2 UDL
Fiber only application
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Moment Capacity slab type section
design approach DAfStb Technical rule on Steel Fibre Concrete
safety factors Structural Applications, Ultimate Limit State
reinforcement layout Fibers Only

Geometry: slab type section

4D

h 140 [mm]
b, 1000 [mm/m]
Fiber Concrete
concrete class C28/35
residual strength g4 2.70 [N/mm?] (according to EN 14651)
residual strength g4 m 3.00 [N/mm?] (according to EN 14651)
Steel Fibers
Dramix® fiber type Dramix 4D 65/60BG (EN 14889-1: System "1’ - Structural Use)
recommended dosage 20 kg/m?3 (recommended dosage for testing according to EN 14561)
Reinforcement Fibers Only
yield strength f, - [N/mm?]
Reinforcement A, n/a Reinforcement A, n/a
bar diameter dg - [mm] bar diameter dg - [mm]
bar distance s - [mm] bar distance s - [mm]
rebar cross section/ m - [mm?/m] rebar cross section / m - [mm?/m]
concrete cover Cpon - [mm] concrete cover Cnon, - [mm]

Bending Moment Capacity
Mgy 6.27 [KNm/m]
N 0.0 [KN/m]

(compression force: negative sign)
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WITHOUT DRAMIX®

i .

Road Barrier Precast Element

Thailand
Lifting at 12 hours after
cast

WITH DRAMIX®

A
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House Wall Precast Element

= Thailand

= Lifting at 12 hours after
cast

s = Fiber + rebar (Lifting

control)
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Adwanced Forming Technology

Wall, India

® BEKAERT




&
~ SeDF

CHANGER L'ENERGIE ENSEMBLE

Electric cabins




Channel
Tunnel Rall
Link

= Tunnel (@: 7.5 m)
= UK
= 2003-2004

Segmental lining
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A
Open up the possibility



Stadium Seat
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Wall Panel Element
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Wall Panel
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