Journal of Engineering Sciences, Assiut University, Vol. 40, No. 5, pp. 1325-1336 , September 2012.

STRENGTHENING OF LOADED R.C. FRAMES AFTER FIRE
EXPOSURE USING F.R.P

Alaa Sherif!, Nasr Z. Hassan?, Mostafa A. Osman® and Mohammed
A. Abo Hamad*

! Professor of Concrete, ?Associate Professor of Concrete, *Assistant Professor of
Concrete, “Ph.D Sudent.

Civil Engineering Dept., Faculty of Engineering, Helwan University, Cairo, Egypt.
nzenhom@yahoo.com, m_osman62@yahoo.com

(Received June 4, 2012 Accepted June 30, 2012)

One of the most common defects encountered in reinforced concrete structures
is the fire exposure. Therefore, strengthening investigations that attempt to
increase the ultimate load capacity of the defected structural elements have
become an important topic in the field of reinforced concrete studies, specially,
for reinforced concrete frames as a whole structure.

Recently, composite material such as fiber-reinforced polymer (FRP) started to
become a good replacement for strengthening of reinforced concrete elements
to compensate the losses in ultimate capacity and energy dissipation due to fire
exposure. In the last decade, many researchers and construction applications
in industry showed great interest in this field and intensive researches were
performed to begin the practical use of these materials in strengthening
reinforced concrete structures.

In this paper nine reinforced concrete frames have characteristic strength 22.5
MPa of one sixth scale were tested and examined. These frames are divided
into three groups, group (A) control frames, group (B) exposed to 600 °C and
cooled with air, while the last three frames, group (C) exposed to 600 °C and
cooled using water. Each group consists of three frames with different beam to
column inertia. Group (A) control frames loaded till to failure to determine the
ultimate capacity of sections, while groups (B) and group (C) are loaded to
about 0.3 its ultimate load, the load kept constant at this value, then each frame
exposed to fire of 600 °C, for at least two hours, then cooled such that with air
or using water. After totally cooling each frame strengthened using glass fiber
reinforced polymers laminates (GFRP). After strengthening, the load increased
gradually up to failure. The ultimate loads, crack pattern, strain progress,
mode of failure and energy absor ption were here recorded and analyzed.

Keywords: R.C. frames, strengthening, fire exposure, loading, glass fiber.

INTRODUCTION

The urgent need to strengthen concrete structsi@s the rise. Various motivations
lead to the increased demand for strengtheningerideation and aging of concrete
structures are not the only reasons for strengtigecdncrete elements. Other reasons
include upgrading design standards, committing akest in design or construction,
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exposure to unpredicted loads such as truck hip@werful earthquakes, and changing
the usage of the structure. Moreover, the eveeasing truck loads are sometimes
beyond the design loads of most bridges in NortreAoa that were built after World
War Il. Since then, the average service loads wececased by 40 percent. The
strengthening should ideally minimize the amounteterial added to the structure to
avoid increasing the dead load or decreasing #erahce demands. Along with that,
strengthening should minimize disruption to theustinre and its usage. Cited from
ACI 440.2R-02 [1], in Europe FRP systems were depedl as alternates to steel plate
bonding. Bonding steel plates to the tension zaxiesoncrete members with epoxy
resins were shown to be viable techniques for asirg their flexural strengths. This
technique has been used to strengthen many brafgeduilding around the world.
Because steel plates can corrode leading to aiaietgon of the bond between the
steel and concrete, and that are difficult to ithstaequiring the use of heavy
equipment, researchers have looked to FRP matesmlsin alternative to steel.
Experimental work using FRP materials for retrofdgt concrete structures was
reported as early as 1978 in Germany.

Fire exposure is an important reason, which makes concrete elements are
needed to be strengthen using fiber reinforced mety (FRP) for strengthening
different concrete elements as, (slabs, beamspraiu.) The concrete loses a part of
its strength when the temperature degree reacl¥s8@2- 250°C), but cracks occur
when the temperature reaches 300°C or more. AISOGHC the compressive concrete
strength decreases to (40-50) % of its originarsgth, more decreasing of concrete
strength with temperature rise. When the tempegadegree reaches (500°C - 600°C),
the reinforcement tensile strength is reduced lmpab0% and the concrete strength is
decreased by about 70 % of its original strength.

Research and significance include determining awestigating the following:

1- The efficiency of GFRP as a strengthening matdaalreinforced concrete
frames had exposed to fire.

2- The most efficient way of cooling reinforced corterstructure exposed to fire.

3- The most efficient pattern of strengthening.

4- The comparison between different beam to columntime®f frames and its
effect on ultimate capacity of sections.

EXPERIMENTAL PROGRAM

Nine reinforced concrete frame models of one sixtlle are tested in this program.
The nine frames have different inertia ratjd.l All tested frames had constant column
cross section of 15 cm x 24 cm while, for each grahere are three different girder
cross section 15 cm x 24 cm, 15 cm x 30 cm andmM% 86 cm (see Table.1). The
span of the frame is 2.74 meter from centerlineabimns.

MATERIAL CHARACTERISTICS

The concrete mix used in the tested frames is statsbf cement, sand, gravel, and
water with ratios of 1: 1.83: 2.97: 0.5 by weigbspectively All used materials are
match with ECP 203 limits [5]. The concrete stréngt each tested frame is presented
in Table 1. The main longitudinal reinforcement kasdd stress of 400 MPa, and the
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yield stress of the stirrups is 240 MPa. The awemdtaracteristic concrete strength of
tested cubes was 25 MPa.

TEST SETUP

The specimens are fixed at the base with the groLimely are loaded by four points
load system to represent uniform load case. Teiipsis shown in Fig.1. One
hydraulic jacks of 500 kN capacity supported in thsting frame were used to apply
the required load on the frame. The vertical débes and lateral drift at the end of
the column are measured using two dial gauges?.Fitne middle deflection measured
using dial gauge set at the top of the girder mtqmt it during fire exposure. Four
electrical strain gauges for each frame are usedé&asuring the strains in steel bars
and concrete.

Table 1: Parametric Study.

£ | Dimensions (cm) | Steel Reinforcemenl Inertia (fh* 10%) o
c| 2 =
s| g 2
Groups | 8 | 5 |Columns] Beams | Columng Beams Columng Beams =3
(@] . c
1 &lbln]b]n o/ le| %
) Ag A Iy le n
— |(cm)](cm)|(cm)](cm)
F1 0 15] 24| 1§ 24 @12 D12 1.38 1.38 1.0d -
Group(A)
F2] 0 | 15] 24| 19 3¢ @12 | 3p10+1D8 2.70 138 | 194 -
Control

F3] O | 15| 24] 1§ 3q @12 |3D10+1d10| 4.66 138 ]| 339 -

Group(B)| F4| 600| 15| 24 14 24 12 p12 1.38 1.38] 1.00 |

Alr F5] 600| 15| 24 1§ 3¢ d12 |3d10+1D8| 2.70 138 199 1

Cooled
F6| 600| 15| 24 19 3¢ @12 |3p10+1P10] 4.66 1.38 ] 3.39 1l

F7 | 600] 15| 24 14 294 @12 2012 1.38 1.38| 1.04 |
Group(C)

Water | F8| 600] 15| 24 14 3¢ @12 | 3910+1D8 2.70 1.38 199 |l
Cooled

FO| 600| 15| 24 19 3¢ 412 |3D10+1D10| 4.66 138 3.39 1
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Fig.1: Test setup and frame dimensions.
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Fig.2: Dial gauges locations.
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MEASUREMENTS

The central deflection and lateral drift are meaduusing the dial gauges while
tensile steel strains of girder and upper parhefdolumns are measured using strain
gauges at each interval of loading before fire exyp® and after strengthening process
till failure.

A thermal insulation system made specially to mtke instruments (Dial gauges
and wire of steel gauges) from effecting by fire.

FIRE EXPOSURE PROCESS

To represent the reinforced concrete element fipogure, a special furnace
designed to take this effect at the bottom of gike shown in Fig.3 and towards the
inside part of girder to column connection. Thediperiod of fire exposure was at
least two hours after the temperature reachef 600

Fig. 3: Fire exposure.

STRENGTHENING SCHEME

Glass fiber reinforced plastic sheets GFRP werd asea strengthening material at
tension side for both girder and column. Schemst{®ngthening of frames F4 and F7
at the lower tension side of the girder only, wiBleheme (Il) of strengthening frames
F5 and F8 at the upper tension side beside thentolnd the outer side of the column,
and finally Scheme (lll) of strengthenirftames F6 and F9 as the combinations of
Scheme (I) and (Il). Figure (4) indicates the thygees of strengthening schemes.
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Fig.4: Strengthening schemes.

TEST RESULTS

The specimens are loaded and several measuressessad. The cracking pattern
is drawn on the specimen surface. The load at aténand the failure mode for all
frames specimens is measured and presented in.Zalieddition the relation of the
load and vertical deflection is constructed forsplécimens.

Gained Strength In this study, the acquired of strength of usingefi
strengthened frame specimens after fire exposuse (WA 00% to 82.00%) % of the
control frame specimens.

Type of Cooling In this study, the specimens were cooled by dlovafter fire
exposure were gained strength (47.0% — 50.0%),ewthié specimens were cooled
using rapid water after fire exposure were gaineength (55.0% — 82.0%) %, this
means that, the rapid water cooling has a muchegreéfect on the acquired strength
than the slow air cooling especially for the spemisiwhich had great beam - column
stiffness ratiol / 1,).

Beam - Column Stiffness Ratio The acquired strength of glass fiber
strengthening frame specimens after fire exposuniehwvere rapid water cooled has
an inverse proportional with beam - column stiffnestio (,/1c).

Strengthening Scheme In this study it has an inverse proportional tesw the
gained strength and the type of strengthening [tyggpe Il and type Il Fig.4 for
frame specimens which were cooled using rapid waieling after fire exposure, but
it has not a significant effect for frame specimesisch were slow air cooledfter fire
exposure.
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Gained Energy Absorptiorn In this study, at the (mid-span frame girder st®),
acquired energy of the strengthening frame sectidtes fire exposure were ranging
between 43% and 117% of the control specimers, nteans that; the acquired
energy due to using fiber reinforced polymer iresgthening frame specimens after
fire exposure especially for the (beam-column catior strengthening section).

Table 2: Test results of specimens.

Group | Frame | cracking | Failure Deflection Ductility Energ_y
No. No. | Load (t) | Load (9 (mm) ™ Absorption
IV Afinal/Ayield (t.mm)
= F1 2.25 13.0 21 30 1.420 251.562
TE| R2 0.75 230 | 265 33 1.245 508.21
© F3 0.85 27.0 176 | 24.3 1.380 351.58
- F4 1.6 12.0 19.3 26 1.350 251.48
@ :: % F5 1.5 22.0 7.05| 215 3.049 218.89
© F6 1.75 26.0 9.1 20 2.197 208.154
o F7 1.85 16.5 6.4 30 4.687 295.656
g % % F8 1.36 24.0 7.1 32 4.507 198.98
=0 F9 1.60 27.0 7.7 25 3.246 357.15

0.0 2.5 5.0 7.5 10,0 125 15.0 17.5 20.0 22.5 25.0 27.5 30.0

DEFLECTION (mm)

Fig. 5: Load — Deflection relationship of frames E, F4 and F7.
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Fig. 6: Load — Deflection relationship of frames B, F5 and F8.
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Fig. 7: Load — Deflection relationship of frames B, F6 and F9.
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30.0

Failure Load (1)
=

Fig. 8: Failure load of all frames specimens.

CONCLUSIONS

1- The acquired strength caused by using diass reinforced polymer to
strengthening frame specimens after fire exposumearly equal to 65 % more
than the strength of control frame specimens .

2- The gained initial stiffness at the strengthgnirame sections (mid-span frame
girder sec) after fire exposure were (6.5% to 48%he initial stiffness of control
specimen, and were (10% to 70%) at the (beam-colannection sec).

3- The gained ductility indepy of the strengthening frame sections (mid-span éram
girder sec) after fire exposure were (95% to 362%ihe control specimens, and
were (55% to 259%) of the control specimens at(beam-column connection
section).

4- The gained energy absorption of the strengtlgefname sections (mid-span frame
girder sec) after fire exposure were (39% to 118%the control specimens, and
were (63% to 155%) of the control specimens at(beam-column connection
section).

5- The rapid water cooling has a greater effeat tha slow air cooling on the gained
strength, gained ductility, and gained energy gtigmr for the two sections of
frame, but it's had no significant effect on théngal stiffness.

6- The gained strength of glass fiber strengthefrache specimens after fire
exposure which were cooled using rapid water cgdhias an inverse proportional
with beam - column stiffness ratid, ( I ) , but in case of cooling using slow air
cooling, it hasn't any significant effect for theoportional beam - column
stiffness ratio I,/ 1) .

7- Strengthening Scheme type Il indicated moreuaed energy absorption than
strengthening scheme type | and type Il for fraqmecanens were cooled using
rapid water cooling after fire exposure, while mse of cooling using slow air,
there are not any significant effect on energy gligm for any strengthening
scheme.
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