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2 Ductility

3 Fiber Reinforced Concrete (FRC)
4 Strain Softening



Uy g dodae Y

53, 095 5laS Canl VYL g pds S b LT sla s Jolis pgo aiiws Jilie 1o g dipd oo
DL 1y (25,5 bl il b ol o oo 55 il b ¥ (25,8 Sghn
'MOLSA

o ki ot Crjgpols Y.

00l gt (Slocw CujeelS o cod SLIN s 5l saas diged 3l sl Jle o
la> oo 51 oligS BLII 5l oolazl yulul ys a8ly jo Sloww Cojanels ol Lol ooy L
e el bgie v 45 5 0L &g & T IS s b 5 ¥ oLl wiils
5 S 53,5555 b8 51 3 0l 6 S U S 8, 5ty o i S
J&wl.:li.o 14 03» )o Gb.wg.«.o WS wsLo.A IR GNW LS’LQ.A.AAJ w)ﬁmlf Ml.a‘so
00 ool F SilSag e ol 51 ol (b jo g aylo oo, VB Y 23,5 eud s
s 6lp ol Gl Y g e ile (BLI Lo (108 )00 Cojgals ol (b sl
Sloslanwl b oo a SO0 g dawie 90 LSS drwgs L YL ais i8S cud,b o
e JooS Sobl CuanalS (ol 058 e 518 gy 950 3283 Hsb 4 5)95 sla o
0)5 oolaz! 6))"‘ oS M ‘_gLQuLo.” 9 ey )‘5:3») (O S )a.la.a d‘o)Lw

ab bl Slaal ¥,

(S 0 )ly S el oby Jle g Sl sla b dlu o A5 o5 il azgi b
Soplaazg b a0 5 4 (65950 6ol )5 plp 50 bojle g5lupslin (plnly
Sipl i cod)b iamen 9 0k 6 eSS ebiBoad (st Sl slalyjgelS
3,5 oozl Ayl pl o laojle (g3lwpglio jo ] 5l e o cs)ls gob;
Sgde 5 (bl Cz ol alizs bl jo |, Kt gh Jawgs (goasn Olidss W
ol 0 (oS oue a5 Lol il a8 I aloul ool cwiige Sloww CojeelS LIS,
Slomw Sujsals (g3ae (giluoe Gudod (ol 5l Ban ol 85 Ojg0 a;
alog g oy 5l oSy eoliiwl cwyp ool (g5lupglin jo oolanwl Cyz ool awidige

! High Performance Fiber Reinforced cementitious composite (HPFRCC)
2 Strain Hardening

3 Polyethylene(PE)

4 PolyVinyl Alcohol(PVA)

> Multiple Cracking

® Micromechanics
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3 Self Consolidating ECC
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2 Light Weight (LW-ECC)
3 Saturated Multiple Cracking
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Quantity

Abaqus/Standard

Abaqus/Explicit

Element library

Offers an extensive element library.

Offers an extensive library of
elements well suited for explicit
analyses. The elements available
are a subset of those available in
Abaqus/Standard.

Analysis procedures

General and linear perturbation
procedures are available.

General procedures are available.

Material models

Offers a wide range of material models.

Similar to those available in
Abaqus/Standard; a notable
difference is that failure material
models are allowed.

Contact formulation

Has a robust capability for solving
contact problems.

Has a robust contact functionality
that readily solves even the most
complex contact simulations.

Solution technique

Uses a stiffness-based solution technique
that is unconditionally stable.

Uses an explicit integration solution
technique that is conditionally
stable.

Disk space and
memory

Due to the large numbers of iterations
possible in an increment, disk space and
memory usage can be large.

Disk space and memory usage is
typically much smaller than that for
Abaqus/Standard.
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Material Proportion
Cement 1.00
Water 0.54
Fly ash 1.20
Sand 0.54
Fiber (Vol.) % 2.00
Superplasticizer 0.013
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Steel Beam Composite Wall Panel M30 Bolts
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Aabstract

Today, there are numerous concrete structures in the world that have been built several decades
ago. These structures have been damaged throughout their lives. One of the available solutions
is the destruction of existing structures, which has no logical justification due to high economical
costs and environmental degradation. Another solution is to use different methods of strengthen-
ing existing structures. One of these methods is the use of engineered cementitious composites in
structural strengthening.

Engineered cementitious composite is an advanced type of fiber reinforced cementitious compos-
ites with high tensile strain capacity which is owed to the strain hardening and multiple micro-
cracking. The advantage of using engineered cementitious composite in the structures is that it
exhibits a considerable ductility.

Although, many laboratory studies have already been done on engineered cementitious compos-
ite, only a few studies have been conducted on numerical modeling of engineered cementitious
composite. The purpose of this study is to study the potential advantages of using engineered
cementitious composite in beam strengthening employing finite element method. Therefore, a
retrofitted beam with strain hardening cementitious composite was investigated.

The use of strain hardening cementitious composite in different thicknesses was evaluated. For
the abovementioned purpose, and for simulating the beam in a four-point bending test, a numeri-
cal model was created using Abaqus software and the available experimental results were used to
verify the model. Finally, a parametric study was conducted on the factors affecting the resistance
of the beam.

The results have shown that increasing the thickness of the retrofitting layer, for a specific rein-

forcement ratio, leads to increment of the maximum bearable force on the beam.

Keyword: Strain Hardening Cementitious Composite, Nonlinear finite element, Beam strength-

ening, Abaqus
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