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Experimental study of RC frames with masonry infill considering influence of boundary frame strength
Part 2. Investigation of strength, stiffness and deformation capacity of experimental results
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1. Introduction:

In part 2, the investigation of strength, ductility, and stiffness based
on experimental results and comparative study with existing methods,
commonly used, are carried out.

2. Discussion of experimental results:

2.1.1 Lateral strength

The maximum lateral load contributed by the masonry infill (Vinf) is

calculated by deducting the bare frame lateral strength (Vr) from the

maximum lateral load of the overall structure (Vmax), as in Eqg. (1).
Vinf =V max - Vs Eq. (1)

Vi=4Mu/H Eqg. (2)

Where My is the minimum plastic moment of the column or beam

calculated by AlJ provision [1], and H is the clear height of column

(taken here as infill height).

Table 1 shows the experimental shear strength of masonry infills in
both specimens, which is the shear force (vinr) divided by the infill
cross-sectional area. Even though both infill panels are made by
exactly same material and have similar prism compression strength,
specimen SF has the shear capacity of 1.48N/mm? which is about 1.5
times the shear strength in specimen WF (0.93 N/mm?).

Table 1. Maximum lateral load and shear strength of infill

i Maximum shear
Experiment Experiment Average Average
Vine (KN) by strength Ting _
Specimen| ¥ max (KN) Vi ) Vin of | ¢ both
kN [ Ba(®) (N/m) both | o .
name o directions
Loading | Loading| E4(2) | Loading|Loading| Loading | Loading | directions 2
+ ~ o ~ o ) (kN) (N/mm®)
WF 285 230 71 214 159 1.07 0.80 186.5 0.93
SF 571 582 | 280 | 291 302 1.46 151 296.5 1.48

2.1.2 Comparison of lateral strength with previous literature
The in-plane capacity of the masonry infill depends mainly on the
type of failure mechanism. The failure mechanism types and
identification are different between building standards or researchers.
The most recognized failure modes are diagonal compression failure
and sliding shear failure modes. The mechanism failure observed in
experimental plan as noted in Part 1 is a mixture of both: compression
and sliding failure. In this study, Table 1 shows the comparison of the
infill strength with following methods: Diagonal compression and
sliding equation by FEMA 306 [2], Liauw’s method [3] , Flanagan’s
method [4], Paulay and Priestley’s method for sliding strength [5]
and simplified equation presented by author in previous study [6].
As shown in Table 1, Liauw’s method [3], Flanagan’s simplified
method [4] greatly overestimate the strength. The methods proposed
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to calculate sliding capacity by FEMA 306 [2] and Paulay & Priestly
[5] greatly underestimate the infill strength.

Diagonal compression strength by FEMA 306 [2] and the simplified
equation by author [6] showed relatively good estimation for
specimen WF, but it underestimated that of Specimen SF. This
underestimation is considered due to the ignorance of the

confinement effect by strong boundary frame of specimen SF.
Table 1 Ratio Experimental peak strength/Analytical strength

Paulay |Simplified
Fg(';gA Liauw [Flangan FEMA & method
Test g 306 | Priestly | Hamood
. (Compr|& Kwan| et al .
specimen ession)|  (3) @ (Sliding) | 1991 etal
5 (2) |(Sliding) | WCEE16
(5) (6)
WF 121 069 0.50 3.14 1.58 1.18
SF 141 081 0.66 6.26 2.13 1.62
Average 131 0.75 058 4.70 1.85 1.40

2.2.1 Stiffness:

The initial stiffness Ko of infilled frame is taken as the slope between
the origin point of the load-displacement curve and the point with the
major visible crack in the masonry infill and the RC frame, which
was determined as the story drift of 0.1%.

Table 3 shows the comparison between the initial stiffness of overall
frames and that of bare frames. Herein, the initial stiffness of bare
frame is calculated based on its elastic flexural and shear stiffness and
gross concrete section. The masonry infill greatly increased the initial
stiffness up to about 7.1 times that of bare frame in specimen WF.
Therefore, in the seismic design, ignoring the contribution of
masonry infill to stiffness and natural period of building may cause
non-conservative design practice since buildings with lower natural
period have greater seismic forces.

2.1.2 Comparison of initial stiffness with previous literature

The most well recognized method for calculating the infill stiffness
is using the equivalent diagonal compression strut, which has the
same elasticity and thickness with the infill panel. Paulay and Priestly
[5] recommended using the effective width of strut, Wer in Eq. (3).

Wer= 0.250m Eg. (3)
Where dm is the diagonal length of infill panel.
Table 3 shows the comparison between experimental and numerical
initial stiffness based on the strut width recommended by FEMA [2]
and Pualay & Prieslty [3]. The Strut width calculated by FEMA [2]
underestimates the initial stiffness by about 0.5 and 0.9 for specimen
WF and specimen SF, respectively. On the other hand, Eq. (3)
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recommended by Paulay and Priestly agrees pretty well with
specimen WF by the ratio of 1.06, but overestimated specimen SF by
the ratio of 1.36. Based on these results, assuming the strut width Wer
to be 0.2dm (dm : diagonal length) gives relatively good estimation for
the initial stiffness.

Table. 3 Comparison of analytical and experimental initial stiffness

Exp. Numerical stiffness
stiffness | Bare frame Initial stiffness using diagonal strut model
Initial Initial FEMA Paulay et W
Specimer] stiffness | stiffness [ Ratio| 309 (2) |Ratio| al (4) [Ratio -0 29(; Ratio
(kN/mm) | (kN/mm) (KN/mm) (kN/mm) e,
WF 128 18 7.07 68 0.53 136 1.06 114 0.89
SF 150 79 191 139 0.92 205 1.36 180 1.20
Average [4.49 0.73 1.21 1.04

Note : *Raio = experimental / Analytical

Figure 1 shows the degradation of the secant stiffness with the
increase of story drift angles. The initial stiffness of both frames were
almost similar until the story drift angle of 0.1%, which is considered
the major cracking point. After the drift angle of 0.1%, even though
the stiffness of both specimens degraded rapidly, it was noticed that
the degradation stiffness of specimen SF was relatively smaller,
which is attributed to the contribution of stiffness by the strong
surrounding frame.
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Figure 1 Stiffness degradation of specimens

3.3 Deformation capacity:

In this study, a backbone curve for RC frames with masonry infills
is suggested, as shown in Figure 2. R-crack, R-max and Ru are the
representative drift angles at the cracking, the maximum strength and
the strength degradation point, respectively, where the strength
degradation point is set to be 80% of the maximum strength.

Vmax

Lateral force

|
R-crack R-max Ru
Figure.2 Idealization of backbone curve

Stqry drift

The simplified backbone curves for specimens SW and SF are shown
in Figures 3 and 4 respectively. R-crack and R-max is estimated to be
0.1% and 0.8% for both specimens WF and SF.

For Ry, it was found to be 0.9% and 1.6% for specimen WF and SF,
respectively. Therefore, it can be concluded that the influence of
surrounding frame strength on R-crack and R-max Was slight, but greatly

alters the strength degradation slope and Ru. The smooth decrease of
strength and improvement of ductility for specimen SF are
considered to be due to the confinement by the stronger surrounding
frame, which reduces the inelastic deformation of masonry infill.
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Figure 3 Specimen WF backbone curve & deformation limits
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Figure 4 Specimen SF backbone curve & deformation limits

4. Conclusion

15 2 25

Experimental results to investigate the influence of boundary frame
strength on the seismic capacity of unreinforced masonry infilled-RC
structure was presented. Based on this study results, the following
conclusions can be drawn:

a) Increasing the ratio of the frame to masonry infill lateral strength
named g, greatly improved the infill strength . However, most
methods proposed to estimate the infill lateral strength, by previous
researchers, underestimate or ignore the influence of j.

b) The initial stiffness of both frames were almost similar until story
drift angle of 0.1%, which is considered the major cracking point.
After drift story of 0.1%, the stiffness of both specimens degraded
rapidly. Assuming diagonal strut width to be 0.2 of diagonal length
gives relatively good estimation of initial stiffness in both specimens.
c) Drift angles Rcrack (cracking point ) and Rmax (Story drift at
maximum strength) was not much influenced by parameter of
boundary frame strength. However, Ry drift was greatly improved by
the stronger confinement of stronger columns.
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