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Correlation of Experimental and Analytical Inelastic Responses of
A 1:12 Scale 10-Story Masonry-Infilled Reinforced Concrete Frame

O] 8 M* 3
Lee, Han-Seon Kim, Jeong-Woo

ABSTRACT

In many structures, the masonry infill panels have been used for architectural reasons and their influence
on the structure is often ignored by engineers. However, it has been recognized that the presence of
masonry infills may or may not influence the performance of the structure, and this interaction effect has
been a subject of many debates. Recently, the pushover analysis technique is used for the prediction of the
inelastic behaviors of structures in the seismic evaluation of existing buildings. However, the reliability of
this analysis method has not been fully checked with the test results, particularly in the case of
masonry-infilled frames. The objective of this study is to verify the correlation between the experimental
and analytical responses of a high-rise masonry-infilled reinforced concrete frame using DRAIN-2DX
program and the test resuits performed previously.

It is concluded from this comparison that the strength and stiffness of members can be predicted
with quite high reliability while the ductility capacity of members can not be described reasonably.

Keywords : pushover analysis, inelastic behavior, Masonry-infilled frame, correlation of
experiment and analysis, DRAIN-2DX
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Table 1 Types and strength of concrete and reinforcement

Concrete ( kgf/em?) Reinforcement
1:12 Model* Prototype (tonf) 1:12 Model (kgf)
Prototype | Moisture curing | Field curing Main Bars |Hoop, Stirrup| Main Bars | Hoop. Stirrup
(28 days) (101 days) | poy (sD40) | D10 (SD30) D2 61
210 296.5 371.6 18.2 3.1 155 34.5
* Mean value of compressive srength of model concrete based on ¢ 5cmX10cm cylinder
Table 2 Mix ratio of model concrete’
Fine Coarse Super- -
W/C (%) |Water (kg) C?x]:l;)nt aggregate | aggregate | plasticize Sl(lt:rgs
(kg) (kg) (g)
Model concrete 57 6.9 11.4 10.5 18.3 114 12/15
* Material weight mixed in one batch of concrete mixer
** Slump value based on model slump cone (15 c¢cm height)
Table 3 Compressive strength of brick and mortar (unit  kgf/cm?)
Brick Prism Mortar*
Prototype Model Prototype Model Prototype Model
277.6 133.5 200 140.8 138.4 207.0

* Mean value of compressive srength of mortar based on ¢ 5cmX10cm cylinder

E32| 88 =F H12312 2000.2.

103



Table 4 Results of diagonal tension (shear) test in masonry assemblages

Strength . . Shear stress** Shear modulus*

(P. kef) Poisson ratio* ( v) ( Tr. kgf/cm?) (G. kef/cm?)
Prototype 49,000 0.28 27.65 73,225
1:12 Model 501 0.30 14.91 21,900

* Value at the level of 0.3P
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187 (934%)

Fig. 2 Diagonal shear test in mode!l (+proto-
type) masonry assemblages (unit: mm)
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Table 5 P, M value of columns and beams
Py P M M M B’ M Py
(tonf) | (tonf) | (tonf-mm) |(tonf-mm)| (tonf-mm) | (tonf) |(tonf-mm)| (tonf)
Section
Cl 3.6 13.6 99.3 99.3 151.9 5.6 151.9 5.6
Cc2 3.3 12.1 79.5 79.5 120.8 4.9 120.8 4.9
C3 2.5 10.1 59.9 59.9 98.0 4.0 98.0 4.0
c4 2.2 8.8 45.6 45.6 73.4 3.5 73.4 3.5
Gl - - 41.6 28.2 i > NG1
G2 - - 28.2 70.2 { F:Ja
N
G3 - - 14.6 32.1 Same for all Floors
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Fig. 9 Test and analysis model of the infill panel

Table 6 Formulae to transform the infill panel to the link element

Applied formula

Definition

Remark

F,=1,xXA/cos b F,: ultimate strength of link element assume 7, = 0.5 Tpy
_ GA 1 k. stiffness of link element at the
k H ~ “cos?d uncracked infill use ky by 0.3 F,
Wey = L” X 0.175(A, k) %4
b = E'(¢tX wey) ki stiffness of link element at the 1
y = . .
L cracked infill A= (_‘iﬁE_:_ls]uLlZ}_iL) (unit: inch)
2+
k=0 ky: stiffness of link element after
i sliding of infill
ky ks link stiffness at unloading not use 4, at pushover analysis

Notation

A the horizontal cross-section area of the infill panel

= H (horizontal length of the infill panel) X ¢ (depth of the infill)
E’: the elastic modulus of the infill panel(computed from masonry prisms test)
E o I ¢ the elastic modulus of the column and the moment of inertia of the column
G: the shear modulus of the infill panel(computed from diagonal shear test)
h : the height of the frame, &’ : the height of the infill panel
L: the diagonal length of the frame,
wer : the effective strut width for stiffness
g: the angle defining the diagonal strut
7wy . the shear stress computed from diagonal shear test
7, . the shear stress of the infill panel

L’ : the diagonal length of the infill panel

Z32|E st =R H1231% 2000.2.
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Table 7 Input value for the link element

Deformation (mm) Stiffness (kgf/mm)
Element,

[ U ky ky k3
L1 0.0241 0.3723 9778.8 1578.3 0.10
L2 0.0199 0.3694 12035.8 1593.1 Q.10
L3 0.0199 0.3827 12173.1 1556.2 0.10
L4 0.0244 0.3771 9953.5 1634.5 0.10
L5 0.0199 0.3542 12191.6 1694.2 0.10
L6 0.0199 0.3708 12176.5 1614.1 0.10
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g. 11 Comparison of base shear versus roof displacement
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Table 8 Comparison of test and analysis results’

Test Analysis
Max. Max. Max. Max. Max. Max.
inter-story inter-story story shear inter-story inter-story story shear

Story drift (mm) drift ratio (%) (tonf) drift(mm) drift ratio (%) (tonf)
1st 21.00 6.00 2.91 11.46 3.27 3.14

2nd 14.42 5.24 2.84 11.85 4.31 3.07
3rd 5.85 2.13 2.73 11.81 4.29 2.95

4th 4.19 1.52 2.56 10.23 3.72 2.76

5th 1.71 0.62 2.34 6.78 2.47 2.53

6th 2.90 1.06 2.07 3.96 1.44 2.24

Tth 1.56 0.57 1.75 1.94 0.71 1.90

8th 4.17 1.52 1.38 0.91 0.33 1.50
9th 1.99 0.72 0.97 0.53 0.19 1.05
10th 2.19 0.80 0.51 0.35 0.13 0.55

Load (tonf)

»

Values at the roof drift of 60 mm
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Table 9 Comparison of test and analysis of strength and stiffness

Yield strength Ultimate strength Initial stiffrress Post-yield stiffness
(tonf) (tonf) (tonf/mm) (tonf/mm)
Test 2.12 2.91 0.236 0.020
Analysis 2.16 3.14 0.216 0.021
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