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A.1 Design values for SFRC
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The values in Table A-1 are determined from third-point beam bending tests. The beams were cast

and tested in accordance to the procedure of the Japanese Concrete Institute (1983).

Table A-1: Design values for Residual flexural strength ratio of SFRC (Bekaert, 2001).
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(*)Notation for hooked-end, collated steel fibres, aspect ratio (length/diameter)

of 80 mm, length of 60 mm and made of low carbon bright steel.

u = 0.2 (estimated).

calculated using the following input values:

A-1

A.2 Interior load-carrying capacity using Meyerhof formula

K =1.9 MPa/ mm (determined from plate-bearing test).

E =28 GPa (determined from cylinder and beam bending test).

f, = 6.7 MPa (determined from beam-bending test).

In the traditional method of designing the SFRC ground slabs, the Meyerhof (1962) formulae are
used. The strength term is modified to take the post-cracking strength of the SFRC into account.
The interior load-carrying capacity for the SFRC ground slab presented in chapter 3 can be
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f.3 = 2.3 MPa (determined from beam bending test).

23
Re3 = E.IOO = 34 percent.

Depth of the slab = 125 mm
Steel fibre content =15 kg/m3 (RC-80/60-BN)
The size of loading plate = 100 x 100 mm (The equivalent radius for the loading plate is 56.4).

Calculate the radius of relative stiffness:

0.25
3
L =[ 28 x103x(125)3 ] s

1201 - (0.2)2 k1.9

Calculate the limit moment of resistance:

2
M, =[1 +%}6.7Mx10‘6 =23.4 kKN.m/ m width

Calculate the interior load-carrying capacity of the SFRC ground slab:

11 kN

Pi=6x23.4x[1+ZXS6'4]=

223.6

The R,; value obtained from Table A-1 is 42 percent (see the arrow), which is higher than the
actual value obtained experimentally by conducting a third-point bending test. If the design R.;

(Table A-1) is used, the load-carrying capacity of the slab is increase to 224 kN (0.6 percent
higher).
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Loading and geometry
h = 100mm (Depth)
: Pi2 il
b := 100 - mm (Width)
L ]
L = 750mm s B
e L8 i L3 J
S Ll Y I bt 0
fsh = L (Form factor for shear)
S Figure B-1: Test set up for the beam.
Adopted stress - strain response
U h
E:=254.GPa 40 e i Tension
6 Sl O 0
ui= 02 fou . T - B
i En€n Em €
E Compression L
Gi=—— | @
2-(1+4) | &
(&)

G = 10.58333GPa

Figure B-2: Schematic diagram for the stress-strain response

oy = 2.8- MPa

o, = 1.0.-MPa
&ep = —0.0014
Eoy =04
Tu
Y=——
] — &Elu

o)

f0= — sp= 110236 x 10°4

=K 167 &tu:= 0.1

Ocu'= €00 E ey = —35.56MPa

Oy — O
. A = —3.05207 GPa

£t — €10

¥ = -0.01007 GPa
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Tensile stress-strain function
Tt
fa({,‘f) = (8{ > 0) . (8{ < 5;0) me—lge
£10
+ler> g0) & < €4 ‘[,l» & — &19) + O}g]
+lep> &) - \&p < atu) - ¥- &y — stu
&;:=0,0.00001 .. gtu
4 T T T T
STl &
() ]
MPa
0 | | | |

£10°

Figure B-3: Assumed tensile stress-strain response.

Compressive stress-strain function
fcc(gc) = (ac > ch) : (gc < 0) -E- g
+{&c 2 5::1:) “\ée < f"-':!5') " Ocu

199 e
200

¢ = Ecus

-4 -2.67 =143 0
£:1000

Figure B-4: Assumed compressive stress-strain response
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Calculating moment-curvature response

Ehot
h—a

#ebor.a) =

—a

h-a

3c.fop(5c,boba) = < Ec.bot

i (h—a)-b_

2 cc( 3 c) dec
Ec.bot

Fcc(gc,boraa) :
&, :op(fc, bot» a]

(h-a)-b £c.bot
Fcf(gc,botaa) = J fct(gc) de,

€c.bot 0
2 0
h—- b
MC(Sc_botaa) = (1—0)2“ : J fcc(gc) - Ecdec
Ec bot E.s.rop( Ee.bots a)
2 Ec.bot
h- b
Mc:(gc_bm,a) = % : fc:(&‘c) - Epde,
Ec.bot 0

Ebot = 10 y
a0:= = Feel&bot-al) = -TkN

Feflpor,a0) = TKN
£por = 1.10236 x 1074
Me(epor,a0) = 0.23333 mkN

Met( epor,a0) = 0.23333 mkN

Mext(sc_g,m,a) = Mc(z:c_bm,a) + Mcl(sc_bo,,a)
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Given FC.(.(st,,a) + Fd(gbot,a) =0-kN
So!ve(gbof,a) = Find(a)
i=1.20
Ep =
’ a,:= Sa!ve(sb_,a()) & = EC_,OP(sg,_,a_) gi = ¢(£b_,a_)
0.00001 i i " r
0.00004
0.00007 M,:= ‘Mexr(gb’_,ai.) ob; = fa(sa‘)
0.00008
0.0001 3
P Sbf_ = o S;j- 10" =
0.0002 110 -5 50| mm -0.01
0.0003 4105 50 -0.04
0.00035 710 5 50 -0.07
&1 8105 50 -0.08
0.001 110 4 50 -0.1
0.002 1.10236-10 4 50 -0.11024
0.003 210 4 46.8078 20.17599
oo 310 4 4262231 -0.22285
0.009
o001 3510 -4 40.78348 -0.24105
0.03 7-10 -4 31.15894 -0.31683
0.06 110 -3 26.04069 -0.35209
0.08 2110 3 18.35165 -0.44953
&tu 3103 14.9798 -0.52857
710 -3 9.81758 -0.76204
910 -3 8.65163 -0.85239
0.01 8.20232 -0.89352
0.03 457493 -1.43828
0.06 3.07768 -1.90525
0.08 2.52844 2.07522
0.1 2.08689 213137
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Calculated moment-curvature response
M}. =
0.04233| m-kN ¢i=
0.16933 210 4) -1
0.29633 810 4
0.33867 1410 -3
0.42333 1610 -3
0.46667 2103
0.66769 2.20472-10 -3
0.73533 3.75995-10 -3
0.74633 5.22851-10 -3
0.66 5.91051-10 -3
0.56739 0.01017
0.4873 0.01352
0.47057 0.0245
0.45537 0.03529
0.45082 0.07762
0.44833 0.09852
0.39244 0.10894
0.29766 0.31438
0.23291 0.61905
0.16755 0.82075
1402131
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Measured moment-curvature response

k=1..19
Pei =
- Mck =
Om = Om - kKN
0.0014m 344m - kN
— 0.457m - kN
~ 0.571m - kN
0.0028m 0.657m - kKN
— 0.738m - kN
0.0041m 0.686m - kKN
0.0055m™” 0.611m - KN
-1 10.543m - kN
0.0076m 0.514m - kN
0.011m™ 0.514m - kKN
i 0.514m - kN
b 0.49m - kKN
0.017m™” 0.47m - kN
0_022m'1 0.45m - kN
g 0.45m - kN
0.028m 0.45m - kN
0.034m"”! 0.45m - kN
0.042m™’
0.075m™’ 1
e
. M; 075 — -
0.12m™” ot
- :Q_ m-kN
0.14 g VY i
. § Mck e - "'153 Q e &
S
= mkN
aee 02sf
0 Y
0 0.037 0.075 0.11 0.15
4
Syt o]

m  m
Curvature (1/m)

Figure B-5: Measured and calculated moment-curvature responses
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Output sStress-strain responses

I | T T
ot; = fcc(f-'z;_) 4-10% o
ob; = ot; _
0254] MPa  MPa R
1.016 -0.254
1.778 -1.016 ; ; :
2.032 -1.778
254 -2.032 oL | E 1 |
2.8 -2.54 0 1 2 3 4 5
2.52603 2.8 - 10°
2.22083 -4.47027
200522 500082 Figure B-6: Output tensile stress-strain response.
1 -6.1227
0.99698 -8.04761
0.98691 -8.94321
0.97684 -11.41803
0.93656 -13.42576 0
0.91641 -19.35593
0.90634 -21.65078 &
0.70493 -22.69544 d -0
MPa
0.40282 -35.56 e
0.20141 -35.56
0 -35.56 _40_3
-35.56

£-10°
i

Figure B-7: Output compressive stress-strain response.
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Calculating load-deflection response

My a0y = max(M)
Myax = 074633 m - kKN

ph = lookup(Myuax, M, 9), ¢h = 591051 x 10

MaxPos = march(Mmax,M)l MaxPos = 9

M1 := submatrix(M ,1,MaxPos,1,1)

¢ = subrnatrix(¢, 1, MaxPos, 1, 1)

length(M) = 20

M2 := submatrix(M , MaxPos,length(M) — 1,1,1)

¢o = submatrix(¢,MaxPos,;‘ength(M) = 1. I 1)
length(M2) = 11

MaxPos2 := match( My, M2),

MaxPos2 =1

Mmin := min(M2)

Mmin = 023291 m - kN
MinPos2 := match(Mmin, M2) l
MinPos2 = 11
posi = match(MZ Mi nPos2’M)1
posi =19

length(M2) = 11

3

m_

1
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x:= 0m,0.025m..0.25m

%
0.25m

ms(x, M) = M

0.04233
0.16933
0.29633
0.33867
0.42333
0.46667
0.66769
0.73533
0.74633

Ml = kN

AM2 = Mgy — M2

5.91051 x 10>
0.01017
0.01352
0.0245
0.03529
0.07762
0.09852
0.10894
0.31438
0.61905
0.82075

$2 =

Ams(x, M) = max(M2) — ms(x, M)

( 2x 107" (0.74633
8x 107 0.66
(4 B 0.56739
= 0.4873
s 0.47057
$1=| ox10? |m7 M2=|045537 |m w0
_3 0.45082
220472 x 10
0.44833
375995 x 107> e
522851 x 107 ° 0.29766
i 0.23291
(5.91051 x 1077
0
0.08633
0.17894
0.25903
0.27576
i3 AM2 =1 0.29096| m-kN
2 0.29551
0.208
0.35389
0.44867
0.51342
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Deflection due to bending moment

i L

3 2

;= ﬁmerp(M'I , 01 ,ms(x,Mi)) cxdx + J>
Orm L

3

L L

3 2

Iimerp(Mf 41 ,ms(x,M )) -xdx +

Om

i

w |~

Deflection due to shear force

L
t'mrerp(,bﬂ,gil,ms{; ,M’Jj -xdx if (i < MaxPos)

L
t'mterp(AM’Z, ¢2,Ams[§ M J) -xdx if (MaxPos < i)

L
Pl':= Mi- % P!.ﬁ‘h J? &h;100
&hj = ———— - 1.dx ;= &h; + dn;  per.:=
G b B L 5;
Pi= er. =

: om; = &h; = = sk,
050007 ) X 0.01198| mm 4810 -4 mm DOIZNE| mm i
1.35467 0.04792 19210 3 0.04984 3.85259
2.37067 008385 33610 3 0.08721 3.85259
270933 0.09583 38410 3 0.09967 3.85259
3.38667 011979 28103 0.12459 3.85259
3.73333 0.13205 52913410 3 0.13735 3.85259
5.34148 021772 = 570610 3 0.22529 3.36036
5.88263 028739 83375910 3 0.29573 2.81931
5.97063 031661 8462310 3 0.32507 2.60324
5.28 0.46696 = 4834610 3 0.47445 1.5773
453913 05656 64334110 3 0.59203 1.08667
3.8984 100489 5525310 3 1.01042 0.54683
3.76457 142467 533561.10 3 1.43 0.37312
3.64293 307687 5163210 3 3.08203 0.16753
3.60654 389296 51116310 3 3.89807 0.13113
3.58665 229941 50834410 3 4.30449 0.1181
3.13952 123192 44497210 3 12.32365 0.03611
2.38128 2421103 33750410 3 2421441 0.01394
1.8633 32 08356 5640910 3 32.0862 8.23063-10 -3
1.34041 20.03073 18997910 3 40.03263 4.74561-10 -3
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Measured load-deflection response

J=Td19 Paj:: daj=
OkKN Omm

2.6kN 0.08mm

3.5kN 0.11mm

4. SkN 0.15mm

6.0kN 0.25mm

5. 7kN 0.309mm

5.5kN 0.34mm

5.0kN 0.4mm

4.SkN 0.48mm

4.0kN 0.62mm

4.0kN 0.67mm

4.0kN 0.88mm

4.0kN 1.32mm

3.8kN 2mm

3.6kN 2.84mm

3.6kN 3.88mm

3.5kN 4 4mm

3.5kN 4 9mm

3.5kN 6mm

P,
@ kN
-"-% Pa}' = b B~ e~ 2 L
kN £y
o o l{ —
g 0 1 2 3 B 5] 6 7 8
9 2
nmim 1 mm
Deflection (mm)

Figure B-8: Comparison between measured and calculated load-deflection responses.
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Loading and geometry

-
i

150mm  (Depth)

o=
i)

150.mm (Width) lP/Z iP/z

]
ol

450mm

L3 | L3

T

S

Jsh =

(Form factor for shear)

wi |

Figure C-1: Test set up for the beam.

First estimation of the stress-strain response

o.l
E :=28.GPa L1 M— i Tension
g SEH.
pi= 0.2 Eou L 9
' | : En€n Em €
- E Compression E
. 2. (l * ;1) l 6 Ocy

G = 11.66667 GPa

Figure C-2: Schematic diagram for the stress-strain response.

& g0 —4
o= 4.5 - MPa g = — g9 = 160714 x 10
o, = 1.9- MPa gg:=1160714-100%  aw=01
&q0 = —0.0016 Oey = Ec0- E O¢y = —44.8MPa
Eey =04
. Ou— 0y : :
A= — A = —2.6 GPa (The slope of the middle part of the tensile o-¢ response)
&1l — €10
W Ty
T gy -em  ¥=-001922GPa (The slope of the last part of the tensile o-¢ response)
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First estimate of the
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Tensile stress-strain function

Jee) = (602 0) - (60 < e) - 2 .
10

% . m; . £ < jg Ta E - gm} —_—

+ler>eqy) \e < etu) ¥ lgp— etu

&y:=0,0.00001.. gtu

6 T T T T
4 —
J‘?:f( £ :)
MPa
2= —
0 | | | |

£10°
Figure C-3: Assumed tensile stress-strain response.

Compressive stress-strain function

fcc(ec) = (gc > 5c0) . (sc < 0) E-gp.
+l&e 2 Ecu) "\&c < €cl) " Ocu

199 - gy
Ec = Epys W o)
0 T

=201 -]

fcc(gc)

MPa
-60 : :
=4 —2.67 —1.33 0

£:1000

Figure C-4: Assumed compressive stress-strain response.
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First estimate of the Chapiess .
stress-strain response ;
15 kg/ cubic m e University of Pretoria
Calculating moment-curvature response
Refer to Figure 3.2 in section3.2.2
Ehot
Ebot>a) =
4?5( bot a) TR
f-'c.top(gc,bofaa) = ﬁ " €c.bot
(h—a) b g
Fcc(gc,bofsa) = z:‘— ; fcc(gc) dec
- gc.mp( Ec.bots @
£e.bot
(h—a)-b
Fct(gc_botaa) T fct(gc) dec
€c.bot 0
2 0
(h—a) - b
Mc(gc,botaa) SRl fcc(gc) - Ecdec
Ee bot gc.rop( Ec.bots “)
2 Ee.bot
(h—a) -b
Mc{(gc.botra) =T e fc{(g(.') - Ecdec
Ee bot 0
Ebot = €10
a0:= = Foe(€porsal) = —25.3125kN

Ehor = 1.60714 x 1074

Fei(€porsal) = 253125kN
Me(&por, al) = 1.26563 mkN

Met(epor,al) = 1.26563 mkN

Mexr(a‘c‘bm,a) = Mc(sc.bm,a) + Mcr(gc_bm,a)
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stress-strain response
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Given Fcc(f:bo,,a) + Fﬂ(a‘bo,,a) =0-kN
Sofve(gbm,a) := Find(a)
i=1.20
€p =
i a,= So!ve(é‘bl,aﬂ) & = Ec,top(‘-‘-'b ,al.) ;= ¢(€b-’ai)
0.00001 d 7 4 d
0.00004
0.00007 M= Mexr(s:,],,a,.) ob; = fa(eb;)
0.00008
0.0001 3
0 a‘b‘_ = a, = &t - 10 =
0.0002 110 -5 75| mm -0.01
0.0004 410-5 75 -0.04
0.0005 710 -5 75 -0.07
0.0006 810 5 75 -0.08
pps 110 4 75 0.1
Jilhls 1.60714-10 -4 70 -0.16071
&d 2-10 -4 74.19224 -0.19574
0.0 410 -4 65.7458 -0.31213
0.0025
0.003 510 4 62.01461 -0.35241
0.007 6:10 -4 58.73579 -0.38615
0.009 810 -4 5320499 -0.43973
0.07 910 4 50.82289 -0.4612
elu 1.16071-10 3 45.4371 -0.50438
210 -3 34.90281 -0.60649
2510 -3 31.31002 -0.65949
310 -3 28.65076 -0.70831
7-10 -3 18.94111 -1.01167
910 -3 16.72799 -1.12966
0.07 5.73385 -2.78214
0.1 4.33583 -2.97659
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First estimate of the gk / Wt
stress-strain response APPENDIX C y ; : :
15 kg/ cubic m University of Pretoria
¢ = M,-' =
e P T [
533333104 o
: 1.1025
bt =
51428610 3 ik
263325-10 3 £
: 3.02218
s e
6'57432-1{] 3 it e
8'26489-10 3 e
9I07468-10 3 - Fii
- 4.10633
00111 3.81496
0.01738 —
il i 3.12254
0.02472 T
i 290317
0.06753 T
0.48521 T
0.68651 _——
6000
4000 gy
M; 3
I
2000 = o
2
i 50 100 150 200
$:10°

Figure C-5: Calculated moment-curvature response.
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Output stress-strain responses

| |
6
ot; = fcc(gfi) 4-10 .
ob; 6
e"ez‘m e =
O'b,: = Uf;’ _ D
0.28| MPa MPa
1.12 -0.28 . 4 | | | |
1.96 -1.12 0 1 2 3 4 5
2.24 -1.96 & :103
2.8 -2.24 d
25 28 Figure C-6: Output tensile stress-strain response.
4.39786 -4.5
3.87786 -5.48066
3.61786 -8.73966
3.35786 -9.8676
2.83786 -10.81214
2.57786 -12.31253
1.9 -12.91364
1.88387 -14.12265
1.87425 -16.9818
1.86464 -18.46576
1.78775 -19.83255 ~60 \ _1 _|
1.7493 -28.32664 3 2 1 0
0.57669 -31.63045 & 107
0 -44.8 _ _
248 Figure C-7: Output compressive stress-strain response.
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behaviuor of SFRC Checked by: J.M. Robberts
Date: 20-04-2005
First estimate of the Chapter: 5 _. _.
o ;s:;? cubicn U University of Pratoric
Calculating load-deflection response
Refer to Figure 3.4 and Figure 3.5 in section 3.2.3
Moy = max(M)
Moy = 4.21365m - kN
ph = lookup(Mynax, M, 9), $h=Ex I
m

MaxPos = match(Mmax,M')l MaxPos = 10

MI := submatrix(M ,1,MaxPos,1,1)

¢ = submam'x(gb, 1, MaxPos,1, 1)

length(M) = 20

M2 := submatrix(M , MaxPos, length(M) — 1,1,1)

¢o = submatrix(p, MaxPos, length(M) — 1,1,1)
length(M2) = 10

MaxPos2 = mazch(Mmax,M2)1

MaxPos2 = 1
Mmin = min(M2)

Mmin = 1.69905 m - kN
MinPos2 = match(MmiH,MZ)l
MinPos2 = 10
posi = mazch(Mz

MinPos2*™ ) 1

posi =19

length(M2) = 10
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Modelling non-linear Calculi a UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA

behaviuor of SFRC Checked by: J.M. Robberts
Date: 20-04-2005

First estimate of the Chapter: 5 B @
stress-strain response APPENDIX C ik % .
15 kg/ cubic m Univessity of Predonin

x:=0m,0015-m..0.15m

ms(x,M):= M - xS Ams(x, M) = max(M2) — ms(x, M)
m
0.1575 1.33333:10 -4 (4.21365
0.63 5.33333-10 4 4.17754
1.1025 9.33333.10 4 4.10633
1.26 1.06667-10 -3 3.81496
) -3
wiie| T518| i - 1.33333:10 . i o 3.94251 o
253125 2.14286-10 : m —
3.02218 2.63825-10 -
3.05446
3.99707 47475410 -3 it o
4.15126 5.68276-10 -3 :
4.21365 6.57432:10 -3 2.87106
\ 1.69905 /
AM2 = My — M2
'l _
6.57432 x 10> 0
0.03612
8.26489 x 10 ° 0.10733
» 0.39869
9.07468 x 107> —
0.0111 A2 =1 m - kN
g 1.09112
#i= Deiiss - 1.15919
0.02106 1.31048
0.02472 134259
0.05341 2.51461
0.06753

\ 048521
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Modelling non_linear Calculc % g:IIVVEER:SITEH VAN PRETORIA

UNIBESITHI \'A PRETDRIA

behaviuor of SFRC Checked by: J.M. Robberts
Date: 20-04-2005
First estimate of the Chapter: 5
stress-strain response o
: APPENDIX L : : 5
15 kg/ cubic m i University Of Predoric

Deflection due to bending moment

L
3

om; .= t'mterp(hﬁ,m,ms( ,M' sxdx + Jyfmrerp M’I @1, ms(‘; ,M’J] -xdx if (i < MaxPos)
T

On I

5
L L
3 2

L
ﬁnterp(MI,qi],ms(x,Mf)) cxdx + fmrerp(AM’Z @, Ams[_; M j] -xdx if (MaxPos < i)

Om

L
3
Deflection due to shear force
I
6 3
Pi=M;-7 8v;:= ol (r 1. dx
G:-b-h-2 Omm 0= vy + om;
Pr, =
om; = &i= 85 =

21| = 2.87510 3| mm 7.210 4| mm 3.595:-10 3| mm
o4 0.0115 2.88:10 -3 0.01438
b 0.02013 5.04-10 -3 0.02516
154 0.023 5.76:10 -3 0.02876
e 0.02875 7.2:10 -3 0.03595
#4379 0.04621 0.01157 0.05778
0200fs 0.05643 0.01382 0.07024
2028420 0.09585 0.01827 0.11412
il 0.11114 0.01898 0.13012
s i0ens 0.12479 0.01926 0.14405
PR 0.1479 0.0191 0.167
il 0.15818 0.01877 0.17695
SEoRl 0.18301 0.01744 0.20045
i 0.26539 0.01482 0.28021
A1.63332 0.31626 0.01427 0.33053
e 0.36721 0.01396 0.38117
i 0.76961 0.01327 0.78288
Saepast 0.96796 0.01312 0.98108
ssniild 6.83411 7.76708:10 -3 6.84188
1455086 9.94767 4.92337:10 -3 9.9526
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Modelling non-linear Calqu% GYERSITY QRO

behaviuor of SFRC Checked by: J:M. Robberis
Date: 20-04-2005
First estimate of the Ehapee
stress-strain response
15 kg/ cubic m i
Measured load-deflection responses

Pfi = 3l = P2i = &2; = P3i = 8=
OkN 0 - mm 0-kN 0 0-kN 0-mm
5.65-kN 0.0195 - mm 5.90 - kN 0.0073 - mm 577 -kN 0.0098 - mm
10.54 - kKN 0.027 - mm 10.55 - kN 0.0171 - mm 10.78 - kN 0.0098 - mm
15.17 - kN 0.029 - mm 15.90 - kN 0.022 - mm 20.90 - kN 0.02 - mm
20.10 - kKN 0.032 - mm 20.40 - kN 0.022 - mm 29.70 - kN 0.029 - mm
25.31 - kN 0.039 - mm 25.40 - kKN 0.024 - mm 36.00 - kN 0.037 - mm
35.56 - kN 0.051 - mm 29.60 - kKN 0.029 - mm 41.17 - kN 0.044 - mm
40.93 - kN 0.059 - mm 36.60 - kN 0.032 - mm 46.70 - kKN 0.049 - mm
45.90 - kN 0.066 - mm 45.50 - kN 0.041 - mm 53.99 . kN 0.068 - mm
50.21 - kN 0.071 - mm 48.15 - kN 0.05 - mm 20.30 - kN 213 - mm
51.60 - kN 0.09 - mm 17.00 - kN 1.46 - mm 21.60 - kN 2.6 - mm
18.10 - kN 2.29 - mm 17.60 - kN 1.5 mm 21.00 - kN 274 - mm
17.10 - kN 2.38 - mm 18.10 - kKN 1.52 - mm 20.30 - kN 2.9 - mm
17.10 - kN 275 - mm 18.10 - kN 1.53 - mm 20.30 - kN 3.13 - mm
16.80 - kKN 2.8 - mm 18.10 - kKN 1.55 - mm 18.35 - kN 3.3 -mm
16.80 - kN 3.01 - mm 18.50 - kN 1.67 - mm 18.35-kN 3.5 - mm
16.40 - kN 32-mm 18.70 - kN 1.71 - mm 17.60 - kKN 3.7 - mm
16.40 - kKN 3.35- mm 18.50 - kN 2.00 - mm 17.40 - kN 3.8-mm
16.40 - kKN 3.52 - mm 18.10 - kN 215 mm 16.30 - kN 3.9 mm
15.79 - kN 4.58 - mm 15.67 - kN 4.11 - mm 15.80 - kN 4.02 - mm

Tttessang,,

Load (kN)

0 6.66667 - 10.~4 0.00133 0.002 0.00267 0.00333 0.004
8;,61;,82;, 83;
Deflection (mm)

Figure C-8: Comparison between measured and calculated load-deflection responses.
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Modelling non-linear Calcul: 6 UNIVERSITY of PRETORIA A

YUNIBESITHI YA PRETORIA

behaviuor of SFRC Checked by: J.M.Robberts b
Date: 20-04-2005 3 £4
Adopted stress-strain response Ref: Chapter 5 e
Fibre content = 15 kg / cubic metre EOR— i
APPENDIX C University of Pretond
Loading and geometry
h:= 150mm (Depth)
; Pi2 P2
b:= 150.mm (Width) :
{ ]
L = 450mm ig s
L L3 | L3 | L3 ]

Jsh = % (Form factor for shear)

Figure C-9: Test set up for the beam.

Adopted stress-strain response

g
E :=28-GPa (4 | —— i Tension
iyl B

= €cu €c0 & L | @

u = 0015 - 3
| £ EnEn  Em €

- E Compression ;

: 2. (1 + ,u) I @ g

cu

G =13.7931 GPa
Figure C-10: Schematic diagram for the stress-strain response.

o= 4.2 -MPa 010 4
&1 :2? gp=15x10
o, = 1.1 - MPa a
g7:=13-10 ctu = 0.08
&q0:= —0.0016
Ocy = Ec0* E Ocy = —44.8MPa
Eoy =04
A= o 1 = —2.69565 GPa (The slope of the middle part of the tensile o-¢ response)
€11 — €10
¥i= g ¥ = —0.01398 GPa (The slope of the last part of the tensile o-¢ response)
&r] — &t




&

- - UNIVERSITEIT VAN PRETORIA
Modelling non-linear Calcul:i umversity of eretoria

£¢1000

behaviuor of SFRC Checked by: J.M.Robberts e
Date: 20-04-2005 B
Adopted stress-strain response Ref: Chapter 5 % ol
: S : : N A
Fibre content = 15 kg / cubic metre o
APPENDIX C University of Predornin
Tensile stress-strain function
910
fcf(gf) = (Sf = 0) » (Z.‘f < &'fﬂ) v Ef e
€10
+ &> &10) - \ 6t £ &4 ‘[xl» & — &) + o-;gj
&> &yy) -\ < etu)- V- g — etu
&= 0,0.00001 .. etu
6 I I |
4 ]
fcr(gr)
MPa
’ -
0 | 1 |
£10°
Figure C-11: Assumed tensile stress-strain response.
Compressive stress-strain function
fcc(z:c) = (z,-‘c > 569) : (gc < O) -E g
B N T
199 &4,
Epi= &‘cu,%—”o
0 T |
=201 i
Jed #)
MPa =2
=40
60 . ’
- —2.67 —1:33 0

Figure C-12: Assumed compressive stress-strain response.
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Modelling non-linear Calcule i UNIER Y 0" RETORIA &

YUNIBESITHI YA PRETORIA

behaviuor of SFRC Checked by: J.M.Robberts
Date: 20-04-2005
Adopted stress-strain response Ref: Chapter 5

Fibre content = 15 kg / cubic metre o ; <
APPENDIX C Univesity OF Predori

Calculating moment-curvature response

&
¢(gbo.‘f)a) = h E:O"a
'Sc,top(gc.boba) "= h_—aa " Ec.bot
(h—a)-b 0
Fcc(gc,botsa) = T ' J fcc(gc) dec
c.bot

Ec. rop( Ec.bots 4

Ec.bot
Fcf(gc. boha) = % 3 J. fcr(gc) de.
c.bot 0

2 0
Mc(gc,boba) = M S J fcc(gc) Ecde,

&, bot‘2 & c.rop( Ec.bot> ﬂ)

(h' _ Q)Z . E¢.bot
Mc’(gc,boba) = —_2'_ ; J fc((gc)  Ecde
Ec.bot 0

Ebot ‘= &0 h

a0:= 2 Fe(€ot»al) = —23.625kN

Fe£pot»al) = 23.625kN
gpor=15x 10"

Me(bor,al) = 118125 mkN

Mei(gpor,a0) = 1.18125mkN

Mext(gc‘bm,a) = Mc(gc‘box,a) + MC?(&'c.boraa)
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Calcul:i UMIYEILIY B URETOEY
Checked by: J.M.Robberts
Date: 20-04-2005
Ref: Chapter 5

Modelling non-linear
behaviuor of SFRC

Adopted stress-strain response

Fibre content = 15 kg / cubic metre e
APPENDIX C Univesgity Of Predori
Given Fcc(gbofs a) + Fc;(sbo,,a) =0-kN
Solve(gbof,a) = Find(a)
i=1.20
&b =
T a,;:= So!ve(f:bi_,aﬂ) &= gc.fop(gbl.sai) ;= é(gb;’ai)
0.00004
0.00007 M= AMex.f(gb;_,ai) ob; = f“(ebi)
0.00008
0.00009 3
5 b = 6= 5:1_» 107 =
0.0002 110 -5 75| mm -0.01
0.0004 410 -5 75 -0.04
0.0005 710 -5 75 -0.07
0.0006 810 5 75 -0.08
0.0007 910 5 75 20.09
o 1.510 4 75 0.15
i 210 -4 73.66931 -0.19303
il 4-10 -4 64.58606 -0.30246
0.0025
0,003 510 -4 60.7309 -0.34016
0.007 610 4 57.35878 -0.37149
0.009 710 4 54.36866 -0.39797
0.07 8-10 -4 51.68005 -0.42051
etu 1.310 -3 41.0663 -0.49008
210 -3 32.03271 -0.54308
25103 28.15605 -0.57771
310 -3 25.3521 -0.61017
710 -3 15.71833 -0.81938
910 -3 13.67899 -0.9031
0.07 3.81283 -1.82573
0.08 3.37498 -1.84142
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. . 7 UNIVERSITEIT VAN PRETORIA |
Mﬂdelllﬂg non-llnear Calcul( % UNIVERSITY OF PRETORIA ;Q/-

behaviuor of SFRC Checked byu:mf "M.Robberts
Date: 20-04-2005
Adopted stress-strain response Ref: Chapter 5 :
Fibre content = 15 kg / cubic metre i
APPENDIX C Univessity o Predonia
Pi = M; =
;22222:3 : i 0.1575] m- kN
9.3333340 -4 S
: 1.1025
1.06616;g Z T
'2'10_3 1.4175
2.62018-10 -3 gen
: 2.94361
el [
;'5 4766-10 -3 el
75197340-3 s
: 3.89386
8.1367-10 -3 Py
0.01193 ETC
0.01695 T
0.02052 BT
0.02407 e
0.05213 T
i 1.71135
i 0.78373
0.54561 T
4000
3000 [3
ali:% 2000 =
>
1000
9
. 50 100 150 200
$;10°

Figure C-13: Calculated moment-curvature response.
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Modelling non-linear Calcul: % DN SRR A

behaviuor of SFRC Checked by 1M Kobberts o4
Date: 20-04-2005
Adopted stress-strain response Ref: Chapter 5 Ny
Fibre content = 15 kg / cubic metre . .
APPENDIX C University of Pretono
Output stress-strain responses
| |
oti:= Je cc(“;t :‘) B
ob; = ot; - &
0.28| MPa MPa !
142 0.28 L | | | |
1.06 112 0 1 2 3 4 5
2.24 -1.96 £:10°
2 52 -2.24 :
13 250 Figure C-14: Output tensile stress-strain response.
4.06522 4.2
3 52609 -5.40475
3.25652 -8.46892
2.98696 -9.52438
2.71739 -10.40171
S 44783 -11.14306
11 11.77414
1.09022 -13.72223
1.08323 -15.20618
1.07624 -16.1758
1.02033 -17.08473 60 ' . '
500538 -22.94277 Ty e ™ 3 L
0.13977 -25.28667 gD
0 -44.8
-44.8 Figure C-15: Qutput compressive stress-strain response.
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Modelling non-linear Calcul: % UNIVERSITY S RO RIA, i

behaviuor of SFRC Check?d‘b;:Nmfﬁ[ﬁégf;élrkts
Date: 20-04-2005
Adopted stress-strain response Ref: Chapter 5

. N
APPENDIX C Urdvessity of Predoti

Fibre content = 15 kg / cubic metre

Calculating load-deflection response

Myyax = max(M)
M =3.91902m - kN

¢h = lookup(Myyyar, M, )1 o = 64766 x 10~

g |~

MaexPos = march(Mmax,fyf)l SEeBhe= i

M1 = submatrix(M ,1,MaxPos,1,1)

@1 := mbmam‘x(qﬁ, 1, MaxPos, 1, l)

length(M) = 20

M2 = submatrix(M , MaxPos, length(M) — 1,1,1)

¢o = Submam'x(gi,MaxPos, length(M) — 1,1, l)
length(M2) = 10

MaxPos2 = match(Mmax, M2)1

MaxPos2 = 1

Mmin = min(M2)

Mmin = 0.78373 m - kN
MinPos2 .= match(Mmin, 114(2)1
MinPos2 = 10
posi = match(M.Z MinPos2’ M) 1
posi =19

length(M2) = 10
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Modelling non-linear Calcul i ONNERSTEY 01RO rh A
behaviuor of SFRC Checked by: J.M.Robberts L
Date: 20-04-2005

Adopted stress-strain response Ref: Chapter 5
Fibre content = 15 kg / cubic metre

APPENDIX C Univesity of Predornis

x:=0m,0015-m..0.15m

X

ms(x,M):= M-
0.1

Ams(x, M) = max(M2) — ms(x, M)
m

0.1575 1.33333-10 -4 (3.91902
063 533333.10 4 3.89386
1.1025 0.33333.10 4 3.82901
1.26 1.06667-10 -3 3.1575
: -3
W] AU e fom 12103| 1 |2 N
: -3 of = m -
23625 210 3| m —
2 94361 26201810 3
2.06926
3.77405 4.68308-10 -3
3.8887 560104-10 -3 e
3.91902 6.4766-10 -3 1.71135
0.78373 )

AM2 = Mpype — M2

(64766 x 1073 ) 0

0.02516

731978 x 10 ° 0.08001

8.1367 x 10> i
0.01193 a2 =| 8T8 e

_1 1.71504

¢ = 0.01695 m T

0.02052 215839

0.02407 220767

0.05213 3.1353

0.06602

\ 047884
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Modelling non-linear Calculi®y ViMitN 3 bittoaiah

behaviuor of SFRC Checked by: J.M.Robberts
Date: 20-04-2005
Adopted stress-strain response Ref: Chapter 5 .
, = . Wpmtp?
Fibre content = 15 kg / cubic metre : _ i
APPENDIX C Univessity of Predonn

Deflection due to bending moment

L L
5 2
omj = Iinrerp(M1,¢1 ,ms(x,Ml.)) cxdx + [\ !imerp[MI,¢1,m{%,MJ) -xdx if (i € MaxPos)
Ome L
=
L 113
£ >
finterp(M’] 1 ,ms(x,Mi)) s xdx + finrerp[AMZ, ¢2,Ams(§ ,M’J) -xdx if (MaxPos < i)
Om L
E
Deflection due to shear force
1
6 3
Pi=M; 7 ;= il : J7 ldc &= &v+ om; ;- 100
Gibi hed e e
P = o;
R ?&fﬁ_s-m = [ i =
8.4 e 6.09:10 4| mm 3.48410 3| mm 1747991
a7 T 243610 3 0.01394 T
168 S 426310 3 0.02439 TR
189 e 487210 3 0.02787 A
315 —— 5.481-10 3 0.03136 o
3924811 T 9.135-10 -3 0.05226 17 47991
5032002 — 0.01138 0.06719 D
5184927 e 0.01459 0.10823 e
5395365 e 0.01504 0.12337 e
ETOT617 S 0.01515 0.13639 e
5105347 e 0.01506 0.14764 TEoT
2310003 L 0.01481 0.15781 T
o e 0.01221 0.20075 S
29 38647 TR 9.40056-10 -3 0.26325 35709
27 59007 e 8.52208-10 3 0.31105 S
2347500 e 8.00112-10 3 0.35959 e
52818 e 6.80778-10 3 0.75105 T
10.4497 e 6.61722:10 3 0.9459 069957
WTITT e 3.03041-10 3 6.74167 T
2.43641-10 8 7.70149 003164

C-19




&
Modelling non-linear Calcul 6 UNIVERSITY o pReToRIALh
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behaviuor of SFRC Checked by: J.M.Robberts
Date: 20-04-2005
Adopted stress-strain response Ref: Chapter 5

Fibre content = 15 kg / cubic metre

APPENDIX C University of Pretonia
Measured load-deflection responses
Pf:_ = fﬂi vazi P2“_ = (521, i P31, = (53:_ =
OkN 0-mm 0-kN 0 0-kN 0 - mm
5.65 - kN 0.0195 - mm 590 - kN 0.0073 - mm 577 kN 0.0098 - mm
10.54 - kN 0.027 - mm 10.55 - kN 0.0171 - mm 10.78 - kN 0.0098 - mm
15.17 - kN 0.029 - mm 15.90 - kN 0.022 - mm 20.90 - kN 0.02 - mm
20.10 - kN 0.032 - mm 20.40 - kN 0.022 - mm 2970 - kN 0.029 - mm
25.31 - kN 0.039 - mm 25.40 - kN 0.024 - mm 36.00 - kN 0.037 - mm
35.56 - kN 0.051 - mm 29.60 - kN 0.029 - mm 41.17 - kN 0.044 - mm
40.93 - kN 0.059 - mm 36.60 - kN 0.032 - mm 46.70 - kN 0.049 - mm
45.90 - kN 0.066 - mm 45.50 - kN 0.041 - mm 53.99 - kN 0.068 - mm
50.21 - kN 0.071 - mm 48.15 - kN 0.05- mm 20.30 - kN 2.13 - mm
51.60 - kN 0.09- mm 17.00 - kN 1.46 - mm 21.60 - kN 2.6 - mm
18.10 - kN 2.29 - mm 17.60 - kN 1.5 mm 21.00 - kN 2.74 - mm
17.10 - kN 238 mm 18.10 - kKN 1.52 - mm 20.30 - kN 2.9 - mm
17.10 - kN 275 mm 18.10 - kN 1.53 - mm 20.30 - kKN 313 mm
16.80 - kN 2.8 - mm 18.10 - kN 1.55- mm 18.35 . kN 3.3-mm
16.80 - kN 301 mm 18.50 - kN 1.67 - mm 18.35 . kN 3.5-mm
16.40 - kN 3.2 - mm 18.70 - kN 1.71 - mm 17.60 - kN 3.7 - mm
16.40 - kN 335 mm 18.50 - kN 2.00 - mm 17.40 - kN 3.8 mm
16.40 - kN 3.52 - mm 18.10 - kN 2.15- mm 16.30 - kN 3.9 mm
15.79 - kN 4.58 - mm 15.67 - kN 411 mm 15.80 - kN 4.02 - mm
6-10*
54-10*
48-10"
5 po.19*
S L3S 10*
~ ¥¢ 3,04
8 P2, 4
~ E,_BZA‘]U
P3i 1810 -
12.10% : it b4 L LT PPET0A
6000 § =
0.001 0.002 0.003 0.004 0.005 0.006
51"9 "5‘:1‘352{': 531'

Deflection (mm)

Figure C-16: Comparison between measured and calculated load-deflection responses.
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The developed cracking subroutine is shown in Figure C-172. The FORTRAN V.6 was used to

write the subroutine.

subroutine ucrack(scrack,esoft,ecrush,ecp,dt,dtdl,n,nn,kc,inc,
* ndi,nshear,shrfac)
implicit real*B (a-h,o0-2) dp

StressMax = 4.d0
CrushingStrain = 1e20
ElasticMod = 10.0d3
SoftMedl = 0.077d4
StrainLimit = 30d-4
softMod2 = 0.002d4

C pragramme

scrack = StressMax
esoft = SoftModl

ecrush = CrushingStrain

if (ECP .GT. StrainLimit ) then
esoft = SoftMod?2

c calculate the yield stress that corresponds to the second softening modulus.
c Calculate the strain at original yielding
Sigmal = StressMax
Epsilonl = sigmal/ElasticMod
C Calculate the stress at switchover from softening modulus 1 to softening modulus 2
Epsilon2 = StrainLimit
Sigma2 = Sigmal - SoftModl¥(Epsilon-Epsilonl)
c calculate the B value in yv = Ax + B [Sigma = -SoftMod2¥Epsilon + Constant]
B = Sigma2 + SoftMed2¥EpsilonZ
o calculate the strain at which the second saoftening modulus line crosses the elastic one
Epsilond = E / (ElasticMod + SoftMod2)
C convert to stress and assign to cracking stress

Sigmal = ElasticMod * Epsiloni

scrack = Sigma3
endif

Figure C-17: The developed subroutine to allow the input of a bilinear softening curve.

In the subroutine different terms were used to represent parameters in the o-¢ response of the
SFRC. These terms are:
StressMax = Tensile strength (o, ).

CrushingStrain = Crushing strain (Large value to prevent occurrence of crushing).
ElasticMod = Young’s modulus for the SFRC.
SoftModl = Absolute value of the slope of the middle part of the tensile o-& response.

StrainLimit = Residual strain ( g, ).

SoftMod2 = Absolute value of the slope of the last part of the tensile o-& response.

C-21



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

g’ YUNIBESITHI YA PRETORIA

APPENDIX D



Stress-strain response

SFRC slab P3

'

UNIVERSITEIT VAN PRETORIA 3

Ca]cul; 6 UNIVERSITY of PRETORIATHL e
Qe YUNIBESITHI YA PRETORIAZ

Checked by: .M. Robberts
Date: 20-04-2005

20 kg / cubic m Chapter: 6 ¥
APPENDIX D Univesity o Predon
Loading and geometry
h:=150mm (Depth)
, P P2

b= 150.mm (Width) i

{ |
L := 600mm o i

BB | b3 | B3

{353 ™ i il 1
Ssh = % (Form factor for shear)

Figure D-1: Test set up for the beam.

Adopted stress-strain response
(}-ﬂ
E:=230-GPa O | Teiisish
Ol — +
pi=02 Sf‘“ £e0 || D "
i ; 8;0 811 Sm E
e E Compression E
T 2.(1+ ) | © "
ci

G = 9.58333 GPa

Figure D-2: Schematic diagram for the stress-strain response.

10 -5
o10:= 1.9 - MPa &0= —= £ = 8.26087 x 10
A I o] i =4 P

o, = 0.9 - MPa g7:=9-10 st = 0.1

eq0:= —0.0016 Oy = Ecp' E Opy = —36.8 MPa

Eoy =04

PR . IRV

%7 = 54 e 2 (The slope of the middle part of the tensile c-¢ response)

Y= i

£r] — £

¥ =-9.08174 x 10 > GPa (The slope of the last part of the tensile o« response)
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Tensile stress-strain function

fd(gf) = (s; > 0) : (g, < 5;9) : bl ~ B s
€10

5 : gm} | E < gu} IR f - g,ﬂg + o] -

+ler>e4y) \eg < etu) - V- \gy — stu

£¢:=0,0.00001 .. tu

fcr( 5:)

MPa

R

£10°

Figure D-3: Assumed tensile stress-strain response.

Compressive stress-strain function

fcc(sc) = (gc = sc@) v (sc < O) T B
&2 Een) - & < SCO) * Ocu

199 - &0y
Ec'= 56:{;W-'0
0 | I
0 s
cc( c] = e
MPa
=40 : l
=4 =2.67 =133 0

£¢1000

Figure D-4: Assumed compressive stress-strain response.
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Calculating moment-curvature response

¢(5boz,a) = :io;
Sc.top(gc,botsa) = h_—aa “Ec.bot
h—a)-b
Fcc(gc,bofaa) = % g r fcc(gc) de.
c.bot

gc.rop( Ec.botr @

¢.bot
h—a)-b
Fct(gc.boba) = (T:)_ g J J“C‘f(gc) de
c.bot 0

2 0
h - - b
Mc(gc.boba) = (;)2 : J fcc(sc) - Ecdee
i bot gc,fop( £c.boty a)
2 Ec.bot
h - - b
Mcr(&‘c,bo;,a) = % . fd(a‘c) - Epde,
Ec.bot 0

Ebot = €10 .
a0:= = Feel£bot, al) = ~10.6875 kN

Fe{ bor,al) = 10.6875kN
Ebot = 8.26087 x 10 3
Mc(épor, a) = 0.53438 mkN

Met(epor,a0) = 0.53438 mkN

Mext(ac_bm,a) = Mc(ac,bo,,a) + Mct(gclbm,a)
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Given Feelbot»a) + Fel bor,a) = 0- kN

So!ve(sbo,;,a) = Find(a)

i=1.20

&p =

0.00001
0.00004
0.00007
0.00008
€10
0.00009 £1,'= Eciop(£b)
0.0002
0.0004
0.0005 #i= ¢(eb,a)
0.0006
0.0007
0.0008
&1
0.002
o i)
0.007
0.009
0.08
&lu

a,:= So[ve(gb_,aﬂ)
I

M, = Mext(é‘b_,ai)
I

Calculating load-deflection response

Moy := max(M) Mgz = 1.92952m - kN gh := lookup(Mpax, M., $)1

dh = 505274 x 10 °

AL MaxPos = march(Mmax,M)l MaxPos = 9
m

M1 = submatrix(M,1,MaxPos,1,1) ¢7:= submam‘x(gi, 1, MaxPos, 1, 1)
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length(M) = 20 M2 := submatrix(M , MaxPos,length(M) — 1,1,1)

¢o = submam‘x(gﬁ,MaxPos,fength(M) -1,1, 1) length(M2) = 11
MaxPos2 = mafch(Mmax,ﬁ/ﬁ)] MaxPos2 = 1 Mmin := min(M2)
Mmin = 070978 m - kKN MinPos2 := match(Mmin,MZ)l MinPos2 =11

. 5
posi = match(M2) 4 p, 2. M)1 posi=19  length(M2) = 11

x:=0m,002 -m..02m ms(x,M) =M - Ams(x, M) = max(M2) — ms(x, M)

2m

AM2 = Mgy — M2

Deflection due to bending moment

L
3 2 I
o= !interp(M],m,ms(x,Mi)) sxdx + :’imerp(MI,qi],ms[;,MJ] -xdx if (i £MaxPos)
Om L :
B
L 5
3 2 I
Iinrerp(M} , P ,ms(x,Mi)) cxdx + !imerp(AMA qﬁg,Am.{;‘ ,MJ] ~xdx if (MaxPos <)
Om L -
5
Deflection due to shear force
6
Bor=M =
1 i ‘T
I,
P, fsh 3
s . 1.dx
G-b-h-2 Jy
13
8= ov; + o
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Measured load-deflection responses

Pj; = 511 =
OkN 0 - mm
20.0- kN 0.16 - mm
17.0 - kN 0.25 - mm
15.5 - kN 0.5 - mm
14.50 - kN 1.0 - mm
14.0 - kN 1.5 mm
14.4 - kN 1.6mm
14.3 - kN 1.8mm
145 kN 1.9mm
14.6 - kN 2.2mm
14.3 - kN 2.3mm
14.2 - kN 2.4mm
14.1 - kN 2.5mm
13.6 - kN 2. 7mm
13.5- kN 2.9mm
13.2 - kN 3.0 mm
13.1 - kN 32mm
12.9-kN 3.4mm
12.5-kN 3.8mm
12.1 - kN 4.0 - mm
2.5-10*
gassgt
2.10*
175-10* |3 =
= p, 1510 Hf—= . 5
%_ “1”1‘25‘104 l R AL TTO I e S ey
2 op E
~ e 1-10 :'
7500 .: - e N | S . S
5000 | -
2500 W Sl | e PO
0 "
0 6.66667-10 4 0.00133 0.002 0.00267 0.00333 0.004

6;,01;
Deflection (mm)

Figure D-5: Comparison between measured and calculated load-deflection responses.
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Loading and geometry
h:=150mm (Depth)
. B2 P2
b= 150mm (Width) é L /
| ]
L := 600mm pas e
L3 Li3 | I3
Ssh = = (Form factor for shear)
Figure D-6: Test set up for the beam.
Adopted streaa-strain response
o
E =267 GPa 040 b | Tension
(Fiob Tl o
p=02 €cu €0 @ [ ] @ .
| ; €0 €n Em €
_ E Compression E
T 2.0+ | 4=

G =11.125GPa

Figure D-7: Schematic diagram for the stress-strain response.

oy = 1.90 - MPa _ow
WSE
oy, = 0.6 - MPa 6'3}::9'10_4
£00:= —0.0016 o = 5V B
cy = =0
Ecy =04
Oy — O
T R WO
Et] — &40
W= -

£1] — &l

B 7. 1061 % 10

ctu = 0.1

5

¢y = —42.72MPa

(The slope of the middle part of the c-¢ response)

¥ — 605449 x 10 ° GPa (The slope of the last part of the c-¢ response)
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Tensile stress-strain function

fcx(c‘?;) = (.s‘, > O) : (s, < 5{0) ' ? ~ B
0

t
+£e, > 6;0; z Eg, < s,;g ‘ [/1 : Est = 6‘;0% + crm]

+ler>eyy) g < eu)- ¥ \gy — stu

g;:=0,0.00001.. gt

[§8]

10°
Figure D-8: Assumed tensile stress-strain response.

Compressive stress-strain function

fw(sc) = (sc > acg) ' (ac < O) sl
+lg. = gcu) g ({;‘c < scg) © Opy

199 - g,
Ep = Epys —E'O-O-— .0
0 | |
el
MPa
=40 = -
=60 ' '
= =267 =33 0

£¢1000

Figure D-9: Assumed compressive stress-strain response.
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Calculating moment-curvature response

Ehot
h—a

#(ebora) =

. =7
Ec.zop(gc.boha) = A * Ee.bot

0

(h—a)-b
Fcc(*gc,bot»a) = g_ ;
c.bot

e cc( & c) dec

&, rop(gc, bot» @

¢.bot
Fct(ﬁ'c_botaa) = '(i!"g_:;b 2 J fc.r(gc) dec
c.not 0

2 0
(h—a) - b
Mc(gc,botaa) = '——"—'—2_ ; fcc(gc) “Ecde;
Ec bot f"c,!op(gc.bofs a
2 Ee.bot
(h—a) -b
MCI(SC.boha) = 72 ; fct(*—‘:c) cEcdég
Ec.bot 0
Ehot = €10
h

a0:= = Fee(&bot, al) = ~10.6875 kN
Fel €bor, al) = 10.6875kN
£por = 1.1161 x 1073

Mec(epor, al) = 0.53438 mkN

Met(py,a0) = 0.53438 mkN

Mexf(sc_bof,a) = Mc(sc‘bog,a) + MCf(Sc,boba)
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Given Fec€bot»a) + Fe€por,a) = 0- kN

So:’ve(gbw,a) = Find(a)

5= 120

£p =
I
0.00001 a,:= So!ve(gb_,a(})
0.00004 -
0.00007
£10
0.00008
0.00009
0.0002
0.0004
0.0005
0.0006
0.0007
0.0008

&1
0.002
0.0025
0.003
0.007 ob; = fcx(é‘bf)
0.009

0.08

&l

= a
St e fOp(gbl_n t—)

#i:= 9(eb,a)

i

M,- = Mexr(sb_,a)
1

Calculating load-deflection response
Mgy = max(M)  Mypqy = 1.90367m - KN ph = lookup(Myax, M, ¢)1  ¢h = 4.08891 x 16 9L
m

MaxPos = match(Myqx, M) ~ MaxPos =8  MI := submatrix(M 1, MaxPos,1,1)

#1 := submatrix(g,1, MaxPos,1,1) length(M) =20 M2 := submatrix(M , MaxPos, length(M) — 1,1,1)
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¢ = szrbmaﬂ‘ix(gﬁ,MaxPos,.’engrh(‘M) -1,1, 1) length(M2) = 12 MaxPos2 := march(‘Mmax,ME)l
MaxPos2 = 1 Mmin == min(M2)  Mmin = 047457 m - kN MinPos2 := march(Mmin,MZ)l
MinPos2 = 12 posi = mazch(M.?

MinPosZ’M)] posi=19 length(M2) = 12

x:= 0m,0.02-m..0.2m S, M= R 0% (e M =TI — i,
2m

AM2 = Myppe — M2

Deflection due to bending moment

£ L
3 2 I
anj = s’imerp(M},(é],nw(x,Mi)) cxdx + !imerp[M},m,ms[-q—,MJ) ~xdx if (i £ MaxPos)
Om L )
3
17 L
3 2 I
!fnrerp(M} , ¥1 ,ms(x,Mi)) sxdx + t’inferp(AM2, g@ig,élms[;' ,MJ] ~xdx if (MaxPos < i)
Om L
3
Deflection due to shear force
P.=M, é
1 ! L
L
Pl,ﬁh 3
= . lode
G-b-h-2 0
n
5,‘12 (i/,: . &If
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M Qg S i 5] e
easured load-deflection response Bl = 8l =
OkN 0-mm
19.0 - kN 0.1 mm
10.0 - kN 0.5 mm
10. - kN 1.0 - mm
9.50 - kN 2.0 - mm
9.30- kN 2.1mm
9.30 - kN 2.2mm
9.30- kN 2. 4mm
9.30 - kN 2.5 mm
9.30 - kN 2.6mm
9.30 - kN 2.8mm
9.30 - kN 2. 9mm
9.30 - kN 3.0 mm
9.30 - kN 3.1mm
9.30 - kN 3.3mm
9.30 - kN 3. 4mm
9.30 - kN 3.50 - mm
9.2 . kN 3. 7mm
9.0 kN 3.8mm
9.0 kN 4.0 - mm
2-10*
1:5.10" -
¢ . ‘B : P e o o
E P}r 1-10 i O e S S s e e e e e o e e v e e,
5000 ¢
I(
0 =
0 5-10 A 0.001 0.0015 0.002 0.0025 0.003 0.0035
5.5,

Deflection (mm)

Figure D-10: Comparison between measured and calculated load-deflection responses.
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