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Abstract

Project Code: RMU4880022

Project Title:  Preparation of reinforced concrete members against seismic hazard
Investigators: Amorn Pimanmas

Sirindhorn International Institute of Technology, Thammasat University
Email address: amorn@siit.tu.ac.th
Project Duration: August 2005 — July 2008

The objective of this research is to study the seismic preparation of reinforced concrete structures. The
research consist of 3 parts: 1. Proposal of guideline for seismic evaluation of existing structures and evaluation
results, 2. Study of beam-column joint with various joint reinforcing details and 3. Proposal of Joint Planar
Expansion method for strengthening beam-column joint.

The proposed guideline for seismic evaluation of structures recommends the examination of demand to
capacity ratio (DCR) and reinforcement detailing by comparing between earthquake forces stated in the No. 49
ministerial law and concrete building design code for earthquake load according to ACI intermediate moment
resisting frame. The developed guideline is employed to investigate 15 concrete buildings constructed as beam-
column frame in Bangkok and peripheral areas. The building are governmental and public buildings, such as
schools, universities and apartments. These buildings are medium rise structure with 5-15 stories. According to the
evaluation result, it is found that all 15 buildings do not satisfy the ductile reinforcement detailing criterion. This is
due to the lack of stirrups in beam, column and beam-column joint. Moreover, the stirrups also lack 135 degree
seismic hook. Based on DCR check, it is found that 10 out of 15 buildings do not pass the force criterion. The
guideline also proposes the check of failure mode through load and yielding flowchart. Based on the investigation
of failure mode, it is found that 38.3% of beam-column joint fail by brittle joint shear. However, the number of
buildings that show failure under load flowchart is less than that under yielding flowchart. This is because many
existing buildings were designed according the working stress design concept with low allowable stress values as
specified by the design code. Moreover, the existing lift core and shear wall also help reduce the force transferred
to frame.

After identifying that beam-column joint is one of the most critical members in seismic events, the
behavior of half-scale beam-column joints have been investigated in laboratory. The prototype specimen is
constructed from structural indices collected from the investigated buildings. The specimens were tested in
laboratory with quasi-static cyclic loading simulating earthquake. The first experimental series consist of 5
specimens that aim to study the effect of various joint reinforcing details on the cyclic behavior. The effect of bond
removal, the effect of joint reinforcements and the joint diagonal bars are investigated. The test result revealed

brittle joint shear failure in several tested specimens. It is found that the substandard beam-column specimen has
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undesirable behavior for earthquake resistance. It can dissipate small energy and has low ductility. The specimens
with joint reinforcement complying with ACI Intermediate moment resisting frame can have a little capacity
increase but the failure mode does not change. The effect of initial bond removal is the capacity decrease but the
failure mode can be changed. The failure occurs in beam in stead of joint. Specimen with diagonal longitudinal
bars in join has higher capacity. The failure mode is mixed between joint and beam failure. However, the hysteretic
loops are still narrow and pinched.

The research proposes the Planar Joint Expansion method to strengthen beam-column joint. The method is
based on two-dimensional joint enlargement using either cast-in-place concrete or steel bracket. The second
experimental series consists of 7 specimens. Test results show that planar joint expansion increases capacity,
stiffness, absorbed energy and ductility remarkably. This is because the planar joint expansion increases the
bonding between reinforcing bar and concrete in joint. It also reduces the horizontal joint shear stress through
increasing effective joint area. The failure mode is changed from brittle joint shear failure to ductile flexural failure
in beam. It is found that strains in steel bars at column face are substantially reduced. The rectangular and
triangular expansions perform equally well. The construction joint between new and old concrete does not affect
the cyclic behavior. The use of steel bracket also gives comparable reason as that of cast-in-place concrete. The
method is more efficient if confinement is added to beams by means of closed stirrups. However, the proposed
method still has limitations. The proposed method is suitable for strong column weak beam frame. Moreover, the
joint expansion shortens the member length, thus making the member prone to shear failure. Therefore it is

required that shear failure should be checked in strengthened members.

Keywords: seismic evaluation, beam-column joint, joint shear failure, seismic retrofit, planar joint expansion
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Building Location Transverse steel Existing Minimum requirement| Results
AP1 Beam Zone 1 (2h) RB9 @ 0.20 RBY9 @ 0.15 NC
Zone 2 RB9 @ 0.20 RB9 @ 0.16 NC
Column Zone 1 (s ) 3-RB9@0.20 3-RB9 @ 0.20 C
Zone 2 (s) 3-RB9@0.20 3-RB9 @ 0.40 C
Joint Zone 3 (sj) None RB9 @ 0.40 NC
AP2 Beam Zone 1 (2h) RB6 @ 0.10 RB6 @ 0.04 NC
Zone 2 RB6 @ 0.10 RB6 @ 0.05 NC
Column Zone 1 (s ) 3-RB6 @ 0.20 3-RB6 @ 0.20 NC
Zone 2 (s) 3-RB6 @ 0.20 3-RB6 @ 0.20 C
Joint Zone 3 (sj) None 3-RB6 @ 0.20 NC
AP3 Beam Zone 1 (2h0) 1-RB 9 @ 0.20 1-RB 9 @ 0.09 NC
Zone 2 1-RB 9 @ 0.20 1-RB 9 @ 0.09 NC
Column Zone 1 (s ) 3-RB9 @ 0.20 3-RB9 @ 0.16 NC
Zone 2 (s) 3-RB 9 @ 0.20 3-RB9 @ 0.32 C
Joint Zone 3 (sj) none 3-RB9 @ 0.32 NC
AP4 Beam Zone 1 (2h0) 1-RB 6 @ 0.20 1-RB 6 @ 0.04 NC
Zone 2 1-RB 6 @ 0.20 1-RB 6 @ 0.05 NC
Column Zone 1 (s ) 3-RB 6 @ 0.20 3-RB 6 @ 0.14 NC
Zone 2 (s) 3-RB 6 @ 0.20 3-RB 6 @ 0.28 C
Joint Zone 3 (sj) none 3-RB6 @ 0.28 NC
AP5 Beam Zone 1 (2hu) I-RB9 @ 0.15 I-RB9 @ 0.11 NC
Zone 2 1-RB9 @ 0.15 1-RB 9 @ 0.17 C
Column Zone 1 (s) 2-RB 9 @ 0.20 2-RB9 @ 0.15 NC
Zone 2 (s) 2-RB 9 @ 0.20 2-RB 9 @ 0.30 C
Joint Zone 3 (sj) none 2-RB 9 @ 0.30 NC

Hueyg): C=Compliance (W'n!), NC=Not compliance ('Zw'w'm)
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Building Location Transverse steel Existing Minimum requirement| Results
ACl Beam Zone 1 (2h ) RB9 @ 0.20 I-RB9 @ 0.15 NC
Zone 2 RB 9 @ 0.20 I-RB9 @ 0.16 NC
Column Zone 1 (s) 3-RB9 @ 0.20 3-RB9 @ 0.21 C
Zone 2 (s) 3-RB9 @ 0.20 3-RB9 @ 0.43 C
Joint Zone 3 (sj) none 3-RB9 @ 0.43 NC
AC2 Beam Zone 1 (2h ) 1-RB 9 @ 0.125 1-RB 9 @ 0.09 NC
Zone 2 1-RB 9 @ 0.125 1-RB 9 @ 0.09 NC
Column Zone 1 (s) 4-RB9 @ 0.20 4-RB9 @ 0.20 C
Zone 2 (s) 4-RB 9 @ 0.20 4-RB 9 @ 0.40 c
Joint Zone 3 (sj) none 4-RB9 @ 0.40 NC
AC3 Beam Zone 1 (2h ) 1-RB 9 @ 0.125 2-RB 9 @ 0.09 NC
Zone 2 1-RB 9 @ 0.125 2-RB 9 @ 0.09 NC
Column Zone 1 (s)) 3-RB9 @ 0.30 3-RB9 @ 0.06 NC
Zone 2 (s) 3-RB9 @ 0.30 3-RB9 @ 0.06 NC
Joint Zone 3 (SJ) none 3-RB9 @ 0.06 NC
AC4 Beam Zone 1 (2h ) 1-RB6@0.10 2-RB6@0.06 NC
Zone 2 1-RB6@0.10 2-RB6@0.06 NC
Column Zone 1 (s)) 2-RB6@0.15 2-RB6@0.14 NC
Zone 2 (s) 2-RB6@0.15 2-RB6@0.25 C
Joint Zone 3 (sJ) None 2-RB6@0.25 NC
CHI1 Beam Zone 1 (2h ) RB9 @ 0.20 1-RB9 @ 0.10 NC
Zone 2 RB9 @ 0.20 1-RB9 @ 0.10 NC
Column Zone 1 (s)) 2-RB9 @ 0.30 2-RB9 @ 0.20 NC
Zone 2 (s) 2-RB9 @ 0.30 2-RB 9 @ 0.27 NC
Joint Zone 3 (sj) none 2-RB9 @ 0.27 NC
CH2 Beam Zone 1 (2h ) 1-RB 9 @ 0.15 1-RB9 @ 0.10 NC
Zone 2 1I-RB9 @ 0.15 I-RB9 @ 0.10 NC
Column Zone 1 (s)) 2-RB9 @ 0.30 2-RB9 @ 0.20 NC
Zone 2 (s) 2-RB 9 @ 0.30 2-RB 9 @ 0.40 NC
Joint Zone 3 (sj) none 2-RB 9 @ 0.40 NC
CH3 Beam Zone 1 (2h) 1-RB9 @ 0.20 I-RB9 @ 0.11 NC
Zone 2 1-RB 9 @ 0.20 1-RB9 @ 0.11 NC
Column Zone 1 (s ) 3-RB9 @ 0.30 3-RB9 @ 0.20 NC
Zone 2 (s) 3-RB 9 @ 0.30 3-RB9 @ 0.40 C
Joint Zone 3 (sj) none 3-RB 9 @ 0.40 NC

Hue¥e): C=Compliance (W'n!), NC=Not compliance ('Zillwl7u)
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HP1 Beam Zone 1 (2ho) 1-RB9 @ 0.15 I-RB9 @ 0.14 NC
Zone 2 1-RB9 @ 0.15 1-RB9 @ 0.15 C

Column Zone 1 (so) 3-RB9 @ 0.30 3-RB9 @ 0.21 NC
Zone 2 (st) 3-RB9 @ 0.30 3-RB9 @ 0.32 C

Joint Zone 3 (sj) none 3-RB9 @ 0.32 NC

HP2 Beam Zone 1 (2ho) 1-RB 6 @ 0.15 1-RB 6 @ 0.08 NC
Zone 2 1-RB 6 @ 0.15 1-RB 6 @ 0.09 C

Column Zone 1 (so0) 3-RB9 @ 0.40 3-RB9 @ 0.21 NC
Zone 2 (st) 3-RB 9 @ 0.40 3-RB 9 @ 0.43 C

Joint Zone 3 (sj) none 3-RB9 @ 0.43 NC

HP3 Beam Zone 1 (2ho) 2-RB9 @ 0.15 2-RB 9 @ 0.09 NC

Zone 2 2-RBY@0.15 2-RB 9 @ 0.09 NC

Column Zone 1 (so0) 4-RB 6 @ 0.15 4-RB 6 @ 0.13 NC

Zone 2 (st) 4-RB6 @ 0.15 4-RB 6 @ 0.13 NC

Joint Zone 3 (sj) none 4-RB 6 @ 0.13 NC

nu8ine): C=Compliance (I/’hu), NC=Not compliance (711%71!)
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Intermediate Moment Resisting Frame Apams

Specimen JM Intermediate moment Compliance
resisting frames
Longitudinal bar Top bar :6-DBI12 Top bar :6-DBI12 Compliant
At column face M M~ Bottom bar: 4-DB12 Bottom bar: 2-DB12
Longitudinal bar Top bar :4-DB12 Top bar :2-DB12 Compliant

§ At any section M M Bottom bar: 6-DB12 Bottom bar:2-DB12
Stirrup Stirrup Stirrup
Within S, 3-RB3@100 mm 1-RB6@50 mm Non compliant
Other than S 3-RB3@100 mm 1-RB6@120 mm Non compliant
Stirrup Stirrup Stirrup
g Within L, 3-RB3@100 mm 1-RB6@90 mm Non compliant
=
g Other than L 3-RB3@100 mm 1-RB6@ 180 mm Compliant
Splice Just above floor No requirement Compliant
Location level
% Within joint core No transverse 1-RB6@150 mm Non compliant
2
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7 36.DB12 . “L No horizontal joint
ﬁ @ Stirrup N transverse bar
— 3-03 @ 100 D D
SECTION D-D 900 L i C
[
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\ / |
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l6-RBs @ 50 450 7 L |
- B C
@ H2 7S
3-RB5 @ 50| ¢ - 6-DB12 6-DB12
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SECTION B-B SECTION ‘C—C
I |
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> 18-DB12 2 PC strands 15.2 mm.
S /
» [
SECTION A-A A A
350 L 1) . .
o 36-DB12 o| Horizontal joint reinforcement
= <r
ﬂ FTT Stim N 2 RB6@50 mm
- 3-¢3 @ 100 D D
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L
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/
| |
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320 :
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& LY simp : /

- IRB6@70 y
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350 L ] . .. .
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AATINIINY 299 MPa HAZYUIA 6 VY. FNUIBUITIAIATINGIND 372 MPa Auauiiavedidgueq

= < a P4 =
ﬂ’é]‘L!ﬂﬁmm%ﬁ’iﬁﬂlﬁimlf’fﬂﬂlhbluﬂﬁﬁﬂ 4.5-4.6

M3 4.5 Mawavesnsunialutaazaiuvelaseasig

masoalszde 7/, Sunageu
(MPa) M JR JT JB D
EAULY 242 | 303 | 23.6 | 280 29.7
ATU/QAND 273 | 287 | 237 | 213 30.2
EAUA1 237 | 27.1 | 261 | 245 27.6
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FHAVDURA AT DBI12 SD40 | DB10 SD40 RB 6 RB 3
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o @ =R 3
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Cyclic number

A Y g} v laﬁl
51 4.10 guuums iminussnaunFunaael

Y = % LY
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[ I 9
nseated s uTuNnusan e 1dun Load cell H#IAAAINY hydraulic actuator YHIA 500
1 d o v v 4 {0 . &
kN finnuagiden 0.25 kN dauginsaldmsuiamanasuiai ) 1414 displacement transcuder &9
= = [ A A 9 =
lanuazdeatazseerlumsiaaauaasluasien 4.7 wazlumsia 4.8-4.12 lduaaesieaziden
Y v 9
MIAnfIgUnIal I InuAvBLIR AT FUNARDL

o A

M3 4.7 anuuiuduazanuamsovesglnsaiianldlunmsnadeoy

gilnsaiia ANUUNUE | ANVEINTD N1y

Actuator Load Cell 0.25 500/-500 KN
Actuator LVDT 0.25 500/-500 mm
SDP-50C 0.01 50 mm

. SDP-100C 0.02 100 mm

—é CDP-10 0.001 10 mm
§ CDP-25 0.002 25 mm

g PI-5-100 0.001 +/-5 mm
% PI-5-200 0.001 +/-5 mm
= PI-2-100 0.001 +/-2 mm
PI1-2-100 0.001 +/-2 mm
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v Y
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Shear Deformation BZ1 g
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CH-No Code Gage type Position Description C
0 LOAD Actuator Actuator Lateral Force at top column 0.5
1 LVDT Actuator Actuator Lateral Displ at top column 0.5
2 RBZ11 SDP-50C Left -beam Rotation Measuring in zone 1 1
3 RBZ12 SDP-50C Left -beam Rotation Measuring in zone 1 1
4 RBZ21 SDP-50C Right-beam Rotation Measuring in zone 2 1
5 RBZ22 SDP-50C Right-beam Rotation Measuring in zone 2 1
6 RCZ11 PI-5-200 Top Column Rotation Measuring in zone 1 1
7 RCZ12 PI-5-200 Top Column Rotation Measuring in zone 1 1
8 RCZ21 PI-5-200 | Bottom Column | Rotation Measuring in zone 2 1
9 RCZ22 PI-5-200 | Bottom Column | Rotation Measuring in zone 2 1
10 SBZ11 CDP-25 Left-Beam Shear Measuring in zonel 2
11 SBZ12 CDP-25 Left-Beam Shear Measuring in zone 1 2
12 SBZ21 CDP-25 Right-Beam Shear Measuring in zone 2 2
13 SBZ22 CDP-25 Right-Beam Shear Measuring in zone 2 2
14 SCZ11 PI-2-200 Top Column Shear Measuring in zone 1 1
15 SCZ12 PI-2-200 Top Column Shear Measuring in zone 1 1
16 SCZ21 PI-2-200 | Bottom Column | Shear Measuring in zone 2 1
17 SCZ22 PI-2-200 | Bottom Column | Shear Measuring in zone 2 1
18 SJZ11 CDP-25 Joint zone Shear Measuring in joint zone 2
19 SJZ12 CDP-25 Joint zone Shear Measuring in joint zone 2
20 KBZ11 SDP-50C Left-Beam Rocking measuring in zonel 1
21 KBZ12 SDP-50C Left-Beam Rocking measuring in zonel 1
22 KBZ21 CDP-10C Right-Beam Rocking measuring in zone2 1
23 KBZ22 CDP-10C Right-Beam Rocking measuring in zone2 1
24 STBTL-1 FLA-5-11 Top-beam Left top beam 0.9434
25 STBTL-1’ FLA-5-11 Top-beam Left top Joint 0.9434
26 STBTR-1 FLA-5-11 Top-beam Right top Joint 0.9434
27 STBTR-1’ | FLA-5-11 Top-beam Right top beam 0.9434
28 STBBL-1 FLA-5-11 Bottom-beam | Left bot beam 0.9434
29 STBBL-1’ | FLA-5-11 Bottom-beam | Left bot Joint 0.9434
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30 STBBR-1" | FLA-5-11 | Bottom-beam | Right bot Joint 0.9434
31 STBBR-1 FLA-5-11 | Bottom-beam | Right bot beam 0.9434
32 STCTL-2 FLA-5-11 Left-column | Left top column 2 0.9434
33 STCTL-1 FLA-5-11 Left-column | Left top column 1 0.9434
34 STCML FLA-5-11 Left-column | Left joint 0.9434
35 STCBL-1 FLA-5-11 Left-column | Left bot column 1 0.9434
36 STCTR-2 FLA-5-11 | Right-column | Right top column 2 0.9434
37 STCTR-1 FLA-5-11 | Right-column | Right top column 1 0.9434
38 STCMR FLA-5-11 | Right-column | Right joint 0.9434
39 STCBR-1 FLA-5-11 | Right-column | Right bot column 1 0.9434
40 STCTT-1 FLA-5-11 Top-column | Transverse rein. on top col 0.9434
41 STCTT-1” FLA-5-11 Top-column | Transverse rein. on top col 0.9434
42 STCBT-1 FLA-5-11 Bottom-col. Transverse rein. on top col 0.9434
43 STCBT-1I” FLA-5-11 Bottom-col. | Transverse rein. on bot col 0.9434
44 STBLT-1 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
45 STBLT-I” FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
46 STBRT-1 FLA-5-11 Right-beam | Transverse rein. on right beam 0.9434
47 STBRT-1’ | FLA-5-11 Right-beam | Transverse rein. on right beam 0.9434
48 PTT1 FLA-5-11 PC-wire Strain of PC wire 0.9434
49 PTT2 FLA-5-11 PC-wire Strain of PC wire 0.9434
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CH-No Code Gage type Position Description C
0 LOAD Actuator Actuator Lateral Force at top column 0.5
1 LVDT Actuator Actuator Lateral Displ at top column 0.5
2 RBZ11 SDP-50C Left -beam Rotation Measuring in zone 1 1
3 RBZ12 SDP-50C Left -beam Rotation Measuring in zone 1 1
4 RBZ21 SDP-50C Right-beam Rotation Measuring in zone 2 1
5 RBZ22 SDP-50C Right-beam Rotation Measuring in zone 2 1
6 RCZ11 PI-5-200 Top Column Rotation Measuring in zone 1 1
7 RCZ12 PI-5-200 Top Column Rotation Measuring in zone 1 1
8 RCZ21 PI-5-200 | Bottom Column | Rotation Measuring in zone 2 1
9 RCZ22 PI-5-200 | Bottom Column | Rotation Measuring in zone 2 1
10 SBZ11 CDP-25 Left-Beam Shear Measuring in zonel 2
11 SBZ12 CDP-25 Left-Beam Shear Measuring in zone 1 2
12 SBZ21 CDP-25 Right-Beam Shear Measuring in zone 2 2
13 SBZ22 CDP-25 Right-Beam Shear Measuring in zone 2 2
14 SCZ11 PI-2-200 Top Column Shear Measuring in zone 1 1
15 SCZ12 PI-2-200 Top Column Shear Measuring in zone 1 1
16 SCZ21 PI-2-200 | Bottom Column | Shear Measuring in zone 2 1
17 SCZ22 PI-2-200 | Bottom Column | Shear Measuring in zone 2 1
18 SJZ11 CDP-25 Joint zone Shear Measuring in joint zone 2
19 SJZ12 CDP-25 Joint zone Shear Measuring in joint zone 2
20 KBZ11 SDP-50C Left-Beam Rocking measuring in zonel 1
21 KBZ12 SDP-50C Left-Beam Rocking measuring in zonel 1
22 KBZ21 CDP-10C Right-Beam Rocking measuring in zone2 1
23 KBZ22 CDP-10C Right-Beam Rocking measuring in zone2 1
24 STBTL-1 FLA-5-11 Top-beam Left top beam 0.9434
25 STBTL-1’ FLA-5-11 Top-beam Left top Joint 0.9434
26 STBTR-1 FLA-5-11 Top-beam Right top Joint 0.9434
27 STBTR-1’ | FLA-5-11 Top-beam Right top beam 0.9434
28 STBBL-1 FLA-5-11 Bottom-beam | Left bot beam 0.9434
29 STBBL-1’ | FLA-5-11 Bottom-beam | Left bot Joint 0.9434
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30 STBBR-1" | FLA-5-11 | Bottom-beam | Right bot Joint 0.9434
31 STBBR-1 FLA-5-11 | Bottom-beam | Right bot beam 0.9434
32 STCTL-2 FLA-5-11 Left-column | Left top column 2 0.9434
33 STCTL-1 FLA-5-11 Left-column | Left top column 1 0.9434
34 STCML FLA-5-11 Left-column | Left joint 0.9434
35 STCBL-1 FLA-5-11 Left-column | Left bot column 1 0.9434
36 STCTR-2 FLA-5-11 | Right-column | Right top column 2 0.9434
37 STCTR-1 FLA-5-11 | Right-column | Right top column 1 0.9434
38 STCMR FLA-5-11 | Right-column | Right joint 0.9434
39 STCBR-1 FLA-5-11 | Right-column | Right bot column 1 0.9434
40 STCTT-1 FLA-5-11 Top-column | Transverse rein. on top col 0.9434
41 STCTT-1” FLA-5-11 Top-column | Transverse rein. on top col 0.9434
42 STCBT-1 FLA-5-11 Bottom-col. Transverse rein. on top col 0.9434
43 STCBT-1I” FLA-5-11 Bottom-col. Transverse rein. on bot col 0.9434
44 STBLT-1 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
45 STBLT-I” FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
46 STBRT-1 FLA-5-11 Right-beam | Transverse rein. on right beam 0.9434
47 STBRT-1’ | FLA-5-11 Right-beam | Transverse rein. on right beam 0.9434
48 STTIT FLA-5-11 Top-joint Transverse rein, on top 0.943
49 STTIB FLA-5-11 Bottom-joint | Transverse rein, on bottom 0.943
50 PTTI FLA-5-11 PC-wire Strain of PC wire 0.9434
51 PTT2 FLA-5-11 PC-wire Strain of PC wire 0.9434
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CH-No | Code Gage type Position Description C
0 LOAD Actuator Lateral Force at top column 0.5
1 LVDT Actuator Lateral Displ at top column 0.5
2 RCZ21 PI-5-200 Bot-column | Rotation measuring in zone2 1
3 RCZ22 PI-5-200 Bot-column | Rotation measuring in zone2 1
4 RCZ11 PI-5-200 Top-column | Rotation measuring in zonel 1
5 RCZ12 PI-5-200 Top-column | Rotation measuring in zonel 1
6 RBZ11 SDP-50C Left -beam Rotation measuring in zonel 1
7 RBZ12 SDP-50C Left -beam Rotation measuring in zonel 1
8 RBZ21 SDP-50C Right-beam Rotation measuring in zone2 1
9 RBZ22 SDP-50C Right-beam Rotation measuring in zone2 1
10 KBZ11 SDP-50C Left -beam Rocking measuring in zonel 1
12 KBZ12 SDP-50C Left -beam | Rocking measuring in zonel 1
13 KBZ21 SDP-50C Right-beam | Rocking measuring in zone2 1
14 KBZ22 SDP-50C Right-beam Rocking measuring in zone2 1
16 SJZ11 CDP-25 Joint zone Shear measuring in joint zone 2
17 SJZ12 CDP-25 Joint zone Shear measuring in joint zone 2
18 SBZ11 CDP-25 Left -beam Shear measuring  in zonel 2
19 SBZ12 CDP-25 Left -beam Shear measuring  in zonel 2
20 SBZ21 CDP-25 Right-beam Shear measuring  in zone2 2
21 SBZ22 CDP-25 Right-beam Shear measuring  in zone2 2
22 SCZ21 PI-5-200 Bot-column Shear measuring  in zone2 1
23 SCZ22 PI-5-200 Bot-column | Shear measuring  in zone2 1
24 SCZ11 PI-5-200 Top-column | Shear measuring  in zonel 1
25 SCZ12 PI-5-200 Top-column | Shear measuring  in zonel 1
30 STBTL FLA-5-11 Top-beam Left top. beam 0.9434
31 STBTM FLA-5-11 Top-beam Mid top beam 0.9434
32 STBTR FLA-5-11 Top-beam Right top beam 0.9434
37 STBBL FLA-5-11 | Bottom-beam | Left bot. beam 0.9434
38 STBBM FLA-5-11 | Bottom-beam | Mid bot beam 0.9434
39 STBBR FLA-5-11 | Bottom-beam | Right bot beam 0.9434
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44 STBSL FLA-5-11 Side-beam Left side. beam 0.9434
45 STBSM FLA-5-11 Side-beam Mid side beam 0.9434
46 STBSR FLA-5-11 Side-beam Right side beam 0.9434
51 STCBR FLA-5-11 Right-column | Right bot. column 0.9434
52 STCMR Down Right -column | Right middle column 0.9434
53 STCTR FLA-5-11 Right -column | Right top column 0.9434
54 STCBL FLA-5-11 Left-column Left bot. column 0.9434
55 STCML FLA-5-11 Left -column Left middle column 0.9434
56 STCTL FLA-5-11 Left -column Left top column 0.9434
58 STBLT-0 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
59 STBLT-1 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
60 STBLT-2 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
61 STBRT-0 | FLA-5-11 Right-beam Transverse rein. on right beam | 0.9434
62 STBRT-1 FLA-5-11 Right-beam Transverse rein. on right beam | 0.9434
63 STBRT-2 | FLA-5-11 Right-beam Transverse rein. on right beam | 0.9434
64 STCTT-1 FLA-5-11 Top-column Transverse rein. on top col 0.9434
65 STCTT-2 FLA-5-11 Top-column Transverse rein. on top col 0.9434
66 STCBT-1 FLA-5-11 | Bottom-column | Transverse rein. on bot col 0.9434
67 STCBT-2 | FLA-5-11 | Bottom-column | Transverse rein. on bot col 0.9434
68 STITT FLA-5-11 | Top-Joint zone | Transverse rein. on joint zone 0.9434
69 STIBT FLA-5-11 Bot-Joint zone | Transverse rein. on joint zone 0.9434
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0 LOAD Actuator Lateral Force at top column 0.5

1 LVDT Actuator Lateral Displ at top column 0.5
14 STBTL-1 FLA-5-11 Top-beam Left top beam 0.9434
15 STBTL-0 FLA-5-11 Top-beam Left top Joint 0.9434
16 STBTR-0 FLA-5-11 Top-beam Right top Joint 0.9434
17 STBTR-1 FLA-5-11 Top-beam Right top beam 0.9434
22 STBBL-1 FLA-5-11 | Bottom-beam | Left bot beam 0.9434
23 STBBL-0 FLA-5-11 | Bottom-beam | Left bot Joint 0.9434
24 STBBR-0 FLA-5-11 | Bottom-beam | Right bot Joint 0.9434
25 STBBR-1 FLA-5-11 | Bottom-beam | Right bot beam 0.9434
26 STBSL-1 FLA-5-11 Side-beam Left side beam 0.9434
27 STBSL-0 FLA-5-11 Side-beam Left side joint 0.9434
28 STBSR-0 FLA-5-11 Side-beam Right side joint 0.9434
29 STBSR-1 FLA-5-11 Side-beam Right side beam 0.9434
30 STCTL-2 FLA-5-11 Left-column | Left top column 2 0.9434
31 STCTL-1 FLA-5-11 Left-column | Left top column 1 0.9434
32 STCTL-0 FLA-5-11 Left-column | Left top joint 0.9434
33 STCBL-0 FLA-5-11 Left-column | Left bot joint 0.9434
34 STCBL-1 FLA-5-11 Left-column | Left bot column 1 0.9434
35 STCTR-2 FLA-5-11 | Right-column | Right top column 2 0.9434
36 STCTR-1 FLA-5-11 | Right-column | Right top column 1 0.9434
37 STCTR-0 FLA-5-11 | Right-column | Right top joint 0.9434
38 STCBR-0 FLA-5-11 | Right-column | Right bot joint 0.9434
39 STCBR-1 FLA-5-11 | Right-column [ Right bot column 1 0.9434
40 STCTR-2C FLA-5-11 Conner-col. Conner Right top column 2 0.9434
41 STCTR-1C FLA-5-11 Conner-col. Conner Right top column 1 0.9434
42 STCTR-0C FLA-5-11 Conner-col. Conner Right top joint 0.9434
43 STCBR-0C FLA-5-11 Conner-col. Conner Right bottom joint 0.9434
44 STCBR-1C FLA-5-11 Conner-col. Conner Right bottom columnl 0.9434
45 STCTT-1 FLA-5-11 Top-column | Transverse rein. on top col 0.9434
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46 STCTT-2 FLA-5-11 Top-column | Transverse rein. on top col 0.9434
47 STCBT-1 FLA-5-11 Bottom-col. Transverse rein. on bot col 0.9434
48 STCBT-1 FLA-5-11 Bottom-col. Transverse rein. on top col 0.9434
49 STCBT-2 FLA-5-11 Bottom-col. Transverse rein. on bot col 0.9434
50 STCBT-2 FLA-5-11 Bottom-col. Transverse rein. on bot col 0.9434
51 STBLT-1 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
52 STBLT-2 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
53 STBRT-1 FLA-5-11 Right-beam | Transverse rein. on right beam 0.9434
54 STBRT-2 FLA-5-11 Right-beam | Transverse rein. on right beam 0.9434
55 PTT1 FLA-5-11 PC-wire Strain of PC wire 0.9434
56 PTT2 FLA-5-11 PC-wire Strain of PC wire 0.9434
60 RBZ11 SDP-100C Left -beam | Rotation measuring in BZ1 2
61 RBZ12 SDP-100C Left -beam | Rotation measuring in BZ1 2
62 RBZ21 SDP-50C Right-beam | Rotation measuring in BZ2 1
63 RBZ22 SDP-50C Right-beam | Rotation measuring in BZ2 1
64 RBZ31 PI-5-200 Right-beam | Rotation measuring in BZ3 1
65 RBZ32 PI-5-100 Right-beam | Rotation measuring in BZ3 1
66 RCZ21 PI-5-200 Bot-column | Rotation measuring in CZ2 1
67 RCZ22 PI-5-200 Bot-column | Rotation measuring in CZ2 1
68 RCZ11 PI-5-200 Top-column | Rotation measuring in CZ1 1
69 RCZ12 PI-5-200 Top-column | Rotation measuring in CZ1 1
70 SBZ11 CDP-25 Left -beam Shear measuring in BZ1 2
71 SBZ12 CDP-25 Left -beam Shear measuring in BZ1 2
72 SBZ21 CDP-25 Right-beam Shear measuring in BZ2 2
73 SBZ22 CDP-25 Right-beam Shear measuring in BZ2 2
74 SBZ31 PI-5-100 Right-beam Shear measuring in BZ3 1
75 SBZ32 PI-5-100 Right-beam Shear measuring in BZ3 1
76 SCz21 PI-2-200 Bot-column Shear measuring in CZ2 0.5
77 SCZz22 PI-2-200 Bot-column Shear measuring in CZ2 0.5
78 SCz11 PI-2-200 Top-column Shear measuring in CZ1 0.5
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79 SCZ12 PI-2-200 Top-column Shear measuring in CZ1 0.5
80 SJZ11 CDP-25 Joint Shear measuring in JZ1 2
81 SJZ12 CDP-25 Joint Shear measuring in JZ1 2
82 KBZ11 SDP-50C Left -beam Rocking measuring in BZ1 1
83 KBZ11 SDP-50C Left -beam Rocking measuring in BZ1 1
84 KBZ21 SDP-50C Right-beam Rocking measuring in BZ2 1
85 KBZ21 SDP-50C Right-beam Rocking measuring in BZ2 1
90 DDT1 CDP-100C Top column Lateral Displ at top column 3
91 DDT4 SDP- 50C Reaction Supp Lateral Displ at support 1
92 DDT2 SDP-100C | Right beam end Lateral Displ at right beam 2
93 DDT3 SDP-100C | Left beam end Lateral Displ at left beam 2
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0 LOAD Actuator Lateral Force at top column 0.5

1 LVDT Actuator Lateral Displ at top column 0.5
10 STBTL-1 FLA-5-11 | Top-beam Left top beam 0.9434
11 STBTL-0 FLA-5-11 | Top-beam Left top Joint 0.9434
12 STBBR-0 FLA-5-11 | Bottom-beam Right bot Joint 0.9434
13 STBBR-1 FLA-5-11 | Bottom-beam Right bot beam 0.9434
18 STBBL-1 FLA-5-11 | Bottom-beam Left bot beam 0.9434
19 STBBL-0 FLA-5-11 | Bottom-beam Left bot Joint 0.9434
20 STBTR-0 FLA-5-11 | Top-beam Right top Joint 0.9434
21 STBTR-1 FLA-5-11 | Top-beam Right top beam 0.9434
30 STCTL-2 FLA-5-11 | Left-column Left top column 2 0.9434
31 STCTL-1 FLA-5-11 | Left-column Left top column 1 0.9434
32 STCTL-0 FLA-5-11 | Left-column Left top column 0 0.9434
33 STCBL-0 FLA-5-11 | Left-column Left bot column 0 0.9434
34 STCBL-1 FLA-5-11 | Left-column Left bot column 1 0.9434
35 STCTR-2 FLA-5-11 | Right-column Right top column 2 0.9434
36 STCTR-1 FLA-5-11 | Right-column Right top column 1 0.9434
37 STCTR-0 FLA-5-11 | Right-column Right top column 0 0.9434
38 STCBR-0 FLA-5-11 | Right-column Right bot column 0 0.9434
39 STCBR-1 FLA-5-11 | Right-column Right bot column 1 0.9434
40 STCTR-2C | FLA-5-11 | Conner-col. Conner Right top column 2 0.9434
41 STCTL-1C FLA-5-11 | Conner-column | Conner Right top column 1 0.9434
42 STCTL-0C FLA-5-11 | Conner-column | Conner Right top column 0 0.9434
43 STCBL-0C FLA-5-11 | Conner-column | Conner Right bot column 0 0.9434
44 STCBL-1C FLA-5-11 | Conner-column | Conner Right bot column 1 0.9434
45 STCTT-1 FLA-5-11 | Top-column Transverse rein. on top col 0.9434
46 STCTT-2 FLA-5-11 | Top-column Transverse rein. on top col 0.9434
47 STCBT-1 FLA-5-11 | Bottom-column | Transverse rein. on bot col 0.9434
49 STCBT-2 FLA-5-11 | Bottom-column | Transverse rein. on bot col 0.9434
51 STBLT-1 FLA-5-11 | Left-beam Transverse rein. on left beam 0.9434
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CH-No Code Gage type Position Description C
52 STBLT-2 FLA-5-11 Left-beam Transverse rein. on left beam 0.9434
53 STBRT-1 FLA-5-11 Right-beam Transverse rein. on right beam 0.9434
54 STBRT-2 FLA-5-11 Right-beam Transverse rein. on right beam 0.9434
55 PTT1 FLA-5-11 PC-wire Strain of PC wire 0.9434
56 PTT2 FLA-5-11 PC-wire Strain of PC wire 0.9434
60 RBZ11 SDP-50C Left -beam Rotation measuring in zonel 1
61 RBZ12 SDP-50C Left -beam Rotation measuring in zonel 1
62 RBZ21 SDP-50C Right-beam Rotation measuring in zone2 1
63 RBZ22 SDP-50C Right-beam Rotation measuring in zone2 1
64 RBZ31 PI-5-200 Right-beam Rotation measuring in zone3 1
65 RBZ32 PI-5-100 Right-beam Rotation measuring in zone3 1
66 RCZ11 PI-5-200 Top-column Rotation measuring in zonel 1
67 RCZ12 PI-5-200 Top-column Rotation measuring in zonel 1
68 RCZ21 PI-5-200 Bot-column Rotation measuring in zone2 1
69 RCZ22 PI-5-200 Bot-column Rotation measuring in zone2 1
70 SBZ11 CDP-25 Left -beam Shear measuring  in zonel 2
71 SBZ12 CDP-25 Left -beam Shear measuring  in zonel 2
72 SBZ21 CDP-25 Right-beam Shear measuring  in zone2 2
73 SBZ22 CDP-25 Right-beam Shear measuring  in zone2 2
75 SBZ31 PI-2-200 Right-beam Shear measuring  in zone3 0.5
74 SBZ32 PI-2-200 Right-beam Shear measuring  in zone3 0.5
76 SCZ11 PI-2-100 Top-column Shear measuring  in zonel 0.5
77 SCZ12 PI-2-100 Top-column Shear measuring  in zonel 0.5
78 SCz21 PI-2-100 Bot-column Shear measuring  in zone2 0.5
79 SCZ22 PI-2-100 Bot-column Shear measuring  in zone2 0.5
80 SJZ11 CDP-25 Joint zone Shear measuring in joint zone 2
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81 SJZ12 CDP-25 Joint zone Shear measuring in joint zone
82 KBZ11 SDP-50C Left -beam Rocking measuring in zonel
83 KBZ12 SDP-50C Left -beam Rocking measuring in zonel
84 KBZ21 SDP-50C Right-beam Rocking measuring in zone2
85 KBZ22 SDP-50C Right-beam Rocking measuring in zone2
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