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ABSTRACT

Reinforced concrete (RC) buildings designed before the mid-1970s may have serious structural
deficiencies and are considered substandard according to current seismic design criteria.
Specifically, the failure of the beam-column joints has been the cause of building collapse in
many recent earthquakes worldwide. This report evaluates the seismic performance of beam-
column joints with three different details of beam and beam-column joint reinforcement. A total
of six full-scale RC exterior joints were tested and their performance was examined in terms of
lateral load capacity, drift, plastic rotation, joint shear strength, ductility, residual strength, and
other PEER-established performance criteria. Two levels of axial compression load in the
columns were investigated, and their influence on the performance of the joint is discussed.
Performance levels for two types of failure mechanisms are established and comparisons are
made to FEMA 273, FEMA 356, and ACI 352. In addition, the bond-slip behavior of the bottom
beam bars is discussed. Limit states models are created and new modeling criteria for exterior
joints with substandard details are proposed. Finally, a strut-and-tie model is developed for

verifying the experimental results.

il



ACKNOWLEDGMENTS

This work was supported by the Pacific Earthquake Engineering Research Center through the
Earthquake Engineering Research Centers Program of the National Science Foundation under
Award number EEC-9701568.

The in-kind contribution made by Gerber Construction is greatly appreciated.

The research presented in this report was performed at the University of Utah. The
authors would like to thank the following students from the Department of Civil and
Environmental Engineering for their assistance: Danny Alire, B.Sc., Chandra Clyde, M.Sc., and

Yasuteru Okahashi, Ph.D. candidate.

v



CONTENTS

ABSTRACT ...ttt ettt ettt et e e st e st e et e est e e st enteentesseenseeneeeseenteeneeseenseeneas iii
ACKNOWLEDGMENTS ...ttt sttt e st e e esaessaesseessassaeseensesseenseaneas v
TABLE OF CONTENTS ...ttt sttt sttt sttt ettt s ae e A%
LIST OF FIGURES ...ttt sttt sttt ettt st e sttt et e bt et e vii
LIST OF TABLES ...ttt ettt sttt et sae et e et e s st e seeneenbeenteensesneas Xi
1 INTRODUCTION ..uciuiisuicreisecsuicsensessscssessansssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 1
2 TEST SPECIMENS ......uiiviiiininsrissensnsssnssesssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 9
2.1 Description Of Test UNILS ....c.ceiiiiiiiiiiieiiiieeieeciie ettt ettt eaee e sree e 9

2.2 Material PrOPETTIES .....ccecuvieiiiie ettt stee et e e ste e e e e et eeebaeesnbaeeenseeesnseeennseeennns 9
221 COMNCIELL ...ttt ettt ettt ettt ettt ettt e et e e et e e s it e e sabeeesabeeesabeeenanee s 9

2.2.2  Steel ReINfOrCemMEnt ........cc.eeiiiiiniiiiiiieiieieceeeee e 10

2.3 Construction Of Test UNILS ......cocueiiiiiiiiiieiiieiieeiee et 10

3 TEST SETUP ...uiiiitiiiininnectisesssicssssesssissssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssass 17
3.1 INSTIUMENEATION ..eiiutiiiiiieiie ittt ettt ettt et et e et esateebeeeaeeebeesnbeebeeennes 17
.11 SHEAIN GAES c.vveenvieeieeiieeiie ettt etee et e et e st e et e esaaeeteesateesbeessbeenseessaeenseessseenseens 17

312 LVDTS ettt ettt et sttt e b et et b et ennas 19

3.1.3 Displacement TranSAUCETS ........c.ceevvuiieiiiieeiiieeiee et eeee e e e 20

3.2 LoAdiNg APPATALUS ...ccvieiiiieiieeitieiie ettt ettt ettt et e st e et eesite e bt e s b e e beesabeesaeeenreenes 21

3.3 TSt PIOCEAUIE. ....ccuviiiiiiieieeieeee ettt sttt ettt et st sbe e 21

4  TEST RESULTS AND DISCUSSION...ccccicrinsersesserssessasssassssssassssssssssssssssssssssssssssssssssssass 23
4.1 Theoretical PrediCtiONS ........c.coiuiiiiiiiieiieiieete ettt et 23

4.2 Experimental RESUILS .........cociiiiiiiiiiiiiee e 24
42,1 TESTUNIE 1ottt sttt 24

4.2.2 0 TS UNIE 2.ttt et ettt eaeees 28

4.2.3  TESTUNIE 3.ttt ettt et et e bt aesseesseenseeneesseenes 31

424 TSt UNIE A ..ottt ettt ee ettt e et esaeeebeeseteeneeas 36

4.2.5  TESTUNIE Sttt sttt sttt 40

.26 TESTUNIE 6.ttt et et eaeees 44

5 PERFORMANCE-BASED EVALUATION....cucoinineinsensecsenssecssncsasssessssssssssessssssasssees 49
5.1 Description Of PArameters ........c.cocueeiiiiiiiiiiieiie ettt 49



5.2 PerformMance LeVEIS. ..o 63

5.3 BONA-SHP coriiiiiiiiecieetteee ettt ettt e b e et e ebaenaaeenbeennnas 71
5.4 Comparison with FEMA 273 and ACI 352 ......uviiiiieeeeeee ettt 74
5.5 Limit StateS MOAEL.....ccuiiiiiiieciieecee et e earaeen 75
5.6 Proposed New Modeling Criteria for Exterior Joints with Substandard Details .......... 79
6 STRUT-AND-TIE-MODEL ....cccccooeruriicssrsnricssssanrecsssassassssssssosssssssssssssssssssssssssssssssssssssssssss 85
(T B @ 1} 1577 5 A USRS 85
0.2 TESE UNItuuiiiiiiiiiiiieciie ettt et e e e et e e sabe e e s beeesabeeesaseeesaseeesseesnseeesseaans 87
6.3 Model DeVEIOPMENL......cc.iiiiiiiiieiieiie ettt ettt 88
6.4 Evaluation Of TIUSS ...c.ceouiiieiieieiiesieee ettt st eaees 93
T CONCLUSIONS . ...coittitintnsnecstisncssessssssssssnssssssssssesssssssssssssssssasssssssssssssssssssssssssssssssssssssssssss 97
REFERENCES........uooiiiiitiniininnniseisisssisssisssssissssssesssisssissssssssssssssssssssssssssssssssssssssssssssssssss 101

vi



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.1
1.2

1.3

1.4

1.5

1.6

2.1
2.2
23
24
2.5
3.1
3.2
3.3
3.4
3.5
4.1
4.2
43
4.4
4.5
4.6
4.7
4.8

LIST OF FIGURES

Inadequate detailing of joint in the Tehuacan, Mexico, earthquake of June 15, 1999....2

Severe damage to moment frame beam-column joints in the Izmit, Turkey,

earthquake of August 17, 1999 ..o e 2
Collapse of building due to failure of beam-column joints in the Izmit, Turkey,
earthquake of August 17, 1999 ..o e 3
Failure of beam-column joint in the Athens, Greece, earthquake of

SePtemMDET 7, 1999......o ittt ettt ees 3
Damage to partially collapsed 15-story building: beam-column failure at facade

in the Chi-Chi, Taiwan, earthquake of September 21, 1999........cccovveeeiiieiiieeieeeeen, 4
Damage to 22-story building beam-column joints in the Chi-Chi, Taiwan,

earthquake of September 21, 1999 .........oooiiiiiie e 5
Test units 1 and 2: dimensions and reinforcement details ...........ccccooceevieiinienennenen. 11
Test units 3 and 4: dimensions and reinforcement details .........c..ccceceeriiiiiiiiennennen. 12
Test units 5 and 6: dimensions and reinforcement details ............cccocceeviiiiiniieennnnnnen. 13
BEaIM CIOSS SECHION...c..eitieiiiiieiiiesieet ettt ettt ettt ettt e 14
COlUMN CTOSS SECTION ...ttt sttt ettt sttt ettt e st e b entesbeesesneesneennea 15
Test units 1 and 2: strain gage 10CAtIONS .......c..eevviiieeiiieeeiiieeiie e 17
Test units 3 and 4: strain gage LoCAtIONS ..........cccuiiiiiiiiiiiieeieee e 18
Test units 5 and 6: strain gage LOCAtIONS ..........cccuieviieriiirieeiierie e 19
K A1 o PSR PRR 20
Typical 10ading PAttern .........ceeeeiiieiiiieciee e e 22
Unit 1: lateral load versus drift 1atio ..........ccoooeeiiiiiiiiiiiee e 24
Unit 1: moment-rotation and moment-plastic-rotation envelopes ............cccceerureennennee. 25
Unit 1: variation of axial compression column load............ccceevvieviieniiiinieniiiciieeiene, 26
Unit 1: cumulative energy diSSIPation..........cccveeerieeeriieeiiieeiieeeieeeeieeeeeeeesveeeeereeenenes 27
Unit 1: joint shear stress versus joint shear Strain...........coccceceeveevenienenncnieneeeneene. 27
Unit 2: lateral load versus drift 1atio ..........cocevieriiiiniiiiiieeeee e 28
Unit 2: moment-rotation and moment-plastic-rotation envelopes ...........ccceceervveennennne. 29
Unit 2: variation of axial compression column load............cccoeeviiieiiieeciieeiiecieee, 30

Vil



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig
Fig
Fig
Fig
Fig

Fig. 5.10 Test #5:
Fig. 5.11 Test #6:

4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
421
422
4.23
4.4
4.25
4.26
427
4.28
4.29
5.1
5.2
53
5.4
.55
.5.6
.57
5.8
.59

Unit 2: cumulative energy diSSIPation..........ccecueereeriieerienieeniieeieerieeieeseeeeseeseeeeseenens 31
Unit 3: lateral load versus drift 1atio ..........cocevieriiiiinienieeeeee e 32
Unit 3: moment-rotation and moment-plastic-rotation envelopes ..........cccceecveeeeuveennnee. 33
Unit 3: variation of axial compression column load...........cccccvveveiiiinicninicnicncenenn. 34
Unit 3: cumulative energy diSSIPation..........ccecuieruieriiienieeieeniieeieesieeieeseeeereesaeeeseeens 35
Unit 3: joint shear stress versus joint shear Straif...........ccceeecveeeieeciieneenieeneeeeeeeeene. 35
Unit 4: lateral load versus drift 1atio ........cocceeeiiiiiiiiiiiieeee e 36
Unit 4: moment-rotation and moment-plastic-rotation envelopes .........c.cccocevvverueenenne 37
Unit 4: variation of axial compression column 1load ............ccceeeeiiniininniniienienenene. 38
Unit 4: cumulative energy diSSIPation...........cccvieruiereiierieeiieenieeieerieereeseeeseesereeneenens 39
Unit 4: joint shear stress versus joint shear Straif.........ccccveeeveeeeciieeniieeeeiie e 39
Unit 5: lateral load versus drift 1atio ...........coovieiiiiiiiiiie e 40
Unit 5: moment-rotation and moment-plastic-rotation envelopes ............cccceerureennennee. 41
Unit 5: variation of axial compression column load............cccoevvieviieniiiiiieniiiiieiene, 42
Unit 5: cumulative energy diSSIPation..........cccveeerveeerieeeiieeeiieeesieeeeieeeseeeeeveeesereeenenes 43
Unit 5: joint shear stress versus joint shear Strain...........cocccvceeveevenienenneneneeieneene, 43
Unit 6: lateral load versus drift 1atio ..........cccevieviiiiniiniiieeee e 44
Unit 6: moment-rotation and moment-plastic-rotation envelopes ...........cccecvvervveennennne. 45
Unit 6: variation of axial compression column load...........cccceevvieviieniiiiiieniieieeeieee, 46
Unit 6: cumulative energy diSSIPation..........cccveeeriueeerieeeiieeeiieeesieeeeieeeeeeeeereeeseveeeeenes 47
Unit 6: joint shear stress versus joint shear Strain...........cocceceeveeverienennenieneecneee. 47
Test #1: performance level identification CUIVE..........coeoeeriieriiiiiiiieeieee e 65
Test #1: photo documentation of performance levels..........ccecveviiiiienciieiiecieeieee. 65
Test #2: performance level identification CUrve.........cccoveeeeiieeiiieciie e 66
Test #2: photo documentation of performance levels...........coocceeviiiiiniiiiiniieee. 66
Test #3: performance level identification CUIVE..........coeoieriieriiiiiiiieeieee e 67
Test #3: photo documentation of performance levels..........ccecveviiiiiinciieiiecieeieee, 67
Test #4: performance level identification CUrve..........ccccveeeeiieeiiieccie e 68
Test #4: photo documentation of performance levels...........coecceeviiiiiniiiiiniieee, 68
Test #5: performance level identification CUIVE..........cceoveriieiiiiiiiiiecieee e 69

photo documentation of performance levels...........cccoccvveriinciienieeiienieeieee, 69

performance level identification CUrVe..........ccceeeiiieiiiieeciieeieecee e 70

viii



Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

.5.12
.5.13
.5.14
.5.15
.5.16
.5.17
.5.18
.5.19
5.20
5.21
5.22
5.23
5.24
6.1
6.2
6.3
6.4
6.5
6.6
6.7

Test #6: photo documentation of performance levels...........coecceevviiiiiiniiiiiieiieee, 70

Unit 2: plastic rotation versus bottom beam bar pullout............cccccceeevieriieiieniienenne. 71
Unit 3: plastic rotation versus bottom beam bar pullout............cccceeevieviiieniieeniieeee, 72
Unit 4: plastic rotation versus bottom beam bar pullout.............ccceeeriiniininninncnnne 73
FEMA modeling parameters ...........ccueerierieeniieniieiieeieeieeeieesieesveeieeseveeseesseenseeenseas 74
Limit states model for exterior joint units 1 and 2.........cccceeeveevieriiinienciieieeieeiee e 76
Crack width model for exterior joint units 1 and 2.........ccccceeeriiieriieeniee e 76
Limit states model for exterior joint units 3,4, 5, and 6........cccceeveeiiieiiiiinieeiee. 77
Crack width model for exterior joint units 3, 4, 5, and 6........cccceeevveiienciieiienieeieee. 78
FEMA 273 generalized deformation relation ............ccceeeeveevieeciienieeieenieeieesiee e 79
Proposed generalized deformation relations for exterior beam-column joints............. 80
Bond-slip behavior of unit 1 and unit 2 ...........coceiviiiiiiiiieiieeee e 81
Shear behavior of units 3, 4, 5, and O....euevviiiiiiiiiiiiiiieee et 81
Joint detail fOr tESt UNIE 6......ccuiiiiiiieiieierieeee et 86
T AT 1) o RSP URPR 87
DiISCONTINUILY TEZIOM .....eeutieiiieiieeiietie ettt et et e et e st e et e st e ebeesabeenbeeenbeeseesnseenseeennes 88
TTUSS TNOACL ..ottt sttt s 89
Member and joint numbers of strut-and-tie model ............ccccoevieveiiiiieniieniieeeee, 90
Comparison of truss model to actual joint cracks...........cceevveeviieriiiiiieniiciecieeeeeee, 91
Strut-and-tie-model failure mode showing strut widths ............ccccoeeiiiieiiiiieniieeiees 95

X



Table 2.1
Table 2.2
Table 2.3
Table 4.1
Table 4.2
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 5.8
Table 5.9
Table 5.10
Table 5.11
Table 5.12
Table 5.13
Table 5.14
Table 5.15
Table 5.16
Table 5.17
Table 5.18
Table 5.19
Table 5.20

Table 5.21

Table 6.1

LIST OF TABLES

Concrete compressive strength of test units and level of axial load.......................... 10
Steel reinforcement Strength..........cocoviiiiiiiiiiii 10
Comparison of steel details to current ACI code.........ccoeoveviieiiieniiiiiiniieierieee 15
Beam and column theoretical flexural capacity and flexural strength ratio.............. 23
Theoretical and actual beam moment CapaCIties ........eeevuveeerveeriieeeiiieeeiieeeeeeeiieenns 48
Test #1 performance parameters (0.1 cAg) up direction..........ccoceeeeivieieiiciienienens 51
Test #1 performance parameters (0.1 :A,) down direction...........ccccevveeenenennennees 52
Test #2 performance parameters (0.25f°cA,) up direction..........cccceveivevveiiinciennn, 53
Test #2 performance parameters (0.25f°cA,) down direction...........cccccceeiiiiiennns 54
Test #3 performance parameters (0.1 cAg) up direction..........ccoceeeeeiieiiiiciieniennns 55
Test #3 performance parameters (0.1 :A,) down direction...........cccceevevenerenennens 56
Test #4 performance parameters (0.25f°cA,) up direction..........cccceveivinicinincniennns 57
Test #4 performance parameters (0.25f°cA,) down direction...........cccccceeiiiiiecnnns 58
Test #5 performance parameters (0.1 cAg) up direction.........cccoceeeeivieieiciieniennens 59
Test #5 performance parameters (0.1 :A,) down direction...........cccceeveveneneenennnns 60
Test #6 performance parameters (0.25f°cA,) up direction..........cccceveivcvicciiincnnennns 61
Test #6 performance parameters (0.25f°cAy) down direction............ccccceeiiiiincnnns 62
Test #1 performance levels (0.1 cAg) ...ooiiiiiiiiiiiieeeceeeee 65
Test #2 performance levels (0.25f7cAg) .cc.iiiiiiiiiiiiiieccccee e 66
Test #3 performance levels (0.1 cAg) ...coooiiiiiiiiiiiiiiiccccee, 67
Test #4 performance levels (0.25f7cAg) ..o 68
Test #5 performance levels (0.1 cAg) ...ooiiiiiiiiiiiieeeeee 69
Test #6 performance levels (0.25f7cAg) .cc.iiiiiiiiiiiircccccee e 70
Modeling parameters for test units in comparison with FEMA 273 ......................... 74
Modeling parameters for exterior beam-column joints with nonconforming

ELALLS ... e ettt st e e e st enee 82
Proposed modeling parameters for exterior beam-column joints with non-

CONTOrMING AELAILS ....c.veiiuiiiiieiiieieeeie ettt eareebeeseaeenneeas 83
Member forces and strut widths based on ultimate lateral beam load ...................... 92

xi



1 Introduction

Distress in beam-column joints leading to building collapse has been observed in past
earthquakes (Moehle and Mahin 1991); the cause of collapse has been attributed to inadequate
joint confinement. Observations of damage after the 1995 Hyogo-ken Nanbu, Japan, earthquake
indicated that some reinforced concrete (RC) buildings designed before the mid-1970s may have
serious structural deficiencies; these deficiencies are a consequence of a lack of capacity design
approach and/or poor detailing of reinforcement (Park et al. 1995). In more recent earthquakes,
the inadequacy of building joints designed according to earlier rather than more current
standards was cause for severe damage or collapse. Characteristically, in 1999 reconnaissance
reports from the Tehuacan, Mexico, earthquake of June 15, 1999 (EERI 1999a), the Izmit,
Turkey, earthquake of August 17, 1999 (Sezen et al. 2000), the Athens, Greece, earthquake of
September 7, 1999 (EERI 1999b), and the Chi-Chi Taiwan, earthquake of September 21, 1999
(Uang et al. 1999, EERI 1999¢) show that all four earthquakes involved seismic damage to RC
building joints with substandard details.

Figure 1.1 shows the inadequate detailing of a joint of an RC frame in the Tehuacan,
Mexico, earthquake; notice the presence of splices and the lack of hoops. In the Izmit, Turkey,
earthquake of August 17, 1999 (Sezen et al. 2000), several RC moment frame buildings
experienced damage at beam-column joints (Fig. 1.2); it is apparent that no transverse hoops are
present in the joint. In one case, the collapse of an RC building was attributed to the failure of
the beam-column joints (Fig. 1.3). Although the framing is mostly intact, many of the beam-
column joints are severely damaged; no transverse hoops are present in the joint, and the beam
bar anchorage in the joint is apparently inadequate. In the Athens, Greece, earthquake of
September 7, 1999 (EERI 1999b), the beam-column joints of RC frames had no joint steel hoops,

as shown in Figure 1.4.



Fig. 1.1 Inadequate detailing of joint in the Tehuacan, Mexico, earthquake of June 15,
1999 (EERI 1999)

TN IR RV

Fig. 1.2 Severe damage to moment frame beam-column joints in the Izmit, Turkey,
earthquake of August 17, 1999 (Sezen et al. 2000)



Fig. 1.3 Collapse of building due to failure of beam-column joints in the Izmit, Turkey,
earthquake of August 17, 1999 (Sezen et al. 2000)

Fig. 1.4 Failure of beam-column joint in the Athens, Greece, earthquake of September 7,
1999 (EERI 1999b)



The failure of beam-column joints was the cause for the partial collapse of the stories of a
15-story building (Fig. 1.5) in the 1999 Chi-Chi, Taiwan, earthquake (Uang et al. 1999, EERI
1999c¢); poor transverse reinforcement in the beam-column joint region was the major reason for
the collapse. In another instance, inadequate beam-column joint confinement caused a 22-story

building to tilt 4°, as shown in Fig. 1.6, and the building had to be demolished (Uang et al.

1999); buckling of the longitudinal column bars is evident.

Fig. 1.5 Damage to partially collapsed 15-story building: beam-column failure at facade in
the Chi-Chi, Taiwan, earthquake of September 21, 1999 (Uang et al. 1999, EERI

1999¢)



Fig. 1.6 Damage to 22-story building beam-column joints in the Chi-Chi, Taiwan,
earthquake of September 21, 1999 (Uang et al. 1999)

A significant amount of research on the seismic performance of RC building beam-
column joints has been carried out in the last four decades. The majority of the research
literature has emphasized the improvement of the performance of these RC building beam-
column joints through new design concepts and improved details such as joint hoops and
improved anchorage. Several researchers have focused on an array of different variables,
including the effect of column axial load, which is of interest in the present study.

A single-strut model for evaluating the shear strength of exterior joints was proposed by
Meinheit and Jirsa (1977). The predictive relationship for joint shear strength was divided
according to two categories of joints: (a) joints for which no beam hinge occurs at the face of the
column, and (b) joints for which a beam hinge does occur at the face of the column. The
parameters identified as affecting the monotonic shear strength of the joint are concrete strength,
column axial load, geometric parameters, transverse reinforcement, and presence of lateral
beams.

Of the eight specimens tested in another investigation (Uzumeri 1977), three exterior RC
beam-column joints were tested under constant axial compressive load equal to 0.42f Ag. The
presence of this axial load was found to be beneficial at the early stages of loading; however, at

5



the latter stages when the concrete joint core acts as a series of struts, it was postulated that the
large axial load might be detrimental rather than helpful. The three specimens were not
reinforced in the joint area; two of the specimens contained a transverse stub beam on one side
of the column, whereas the third specimen had no transverse beams. Load reversals after bond
loss caused large deformations in the concrete, which resulted in splitting along column bars and
anchorage failure of the beam steel. In all three cases, the beam remained intact while the joint
rapidly deteriorated with increasing imposed displacements. The joints without transverse
reinforcement were able to provide anchorage for the beam steel to the extent that between 92%
and 98% of the theoretical ultimate moment capacity of the beams was reached. The joint was
unable, however, to sustain the anchorage of the beam steel in cycles subsequent to this load
level.

An experimental study of three exterior beam-column joints indicates that horizontal
joint shear reinforcement may be reduced considerably (Paulay and Scarpas 1981). The amount
of shear reinforcement varied between units; however, the vertical shear reinforcement (i.e.,
intermediate column bars) was the same in all units. The effect of the axial load was studied in
one of the units when it was reduced from 0.15f Ag to 0.075f Ag; this resulted in a dramatic
reduction of the stiffness, strength, and energy dissipation of the specimen in the subsequent
loading cycle.

Ehsani and Wight presented the results of six exterior RC beam-column subassemblages
that were tested in cyclic loading (1985). It was determined that in order to avoid the formation
of plastic hinges in the joint, the flexural strength ratio should be no less than 1.4. The
maximum joint shear stress in exterior connections should be limited to 12Vf, (psi) to reduce
excessive joint damage, column bar slippage, and beam bar pullout. It was found that in cases
where the flexural strength ratio, the joint shear stress, or the anchorage requirements are
significantly more conservative than the limits of the recommendations, the amount of joint
transverse reinforcement could be safely reduced.

Limited experimental evidence suggests that increasing the column axial load tends to
reduce the total lateral drift at yield (Kurose 1987). Although some researchers report that
increased column axial load results in increased shear strength of joints without reinforcement,

the data do not show a significant trend (Beres et al. 1992).



Bond and anchorage of bars in RC beam-column joints was studied by Kaku and
Asakusa (1991). It was shown that the consequences of bond deterioration included pinching of
the force story-drift hysteresis curves, increasing the slip deformation at the beam-column
interface, changing the shear transfer mechanism in the joint core, and decreasing the flexural
strength of the adjoining members.

Pantazapoulou and Bonacci investigated the mechanics of beam-column joints in
laterally loaded frames (1992). Their formulation established the compatibility of the strain and
stress equilibrium. It was shown that the shear strength of a joint depends on the usable
compressive strength of concrete. It was concluded that joint shear strength could decrease with
increasing column axial load, and that in addition to bond failure, joint capacity could be limited
by crushing along the principal diagonal or by yielding of the vertical reinforcement after hoop
reinforcement yielding.

The effect of the column axial load was also investigated in an analytical study of 57
exterior beam-column joint tests (Pantazapoulou and Bonacci 1994). The relationship between
maximum joint shear stress and nominal column axial stress (normalized by f'.) was sought with
respect to hinging and shear failures. For the limited amount of available experimental data, no
discernible correlation was established between the two variables. It was concluded that
deformability, rather than strength, would be affected by axial load. In the same study, a finite
element model was developed to study the effect of several parameters on the shear behavior of
interior and exterior joints.

In a recent study by Clyde et al. (2000), four half-scale RC exterior joints were tested to
investigate their behavior in a shear-critical failure mode. The joints were typical of building
frames with nonductile details in the beam-column joints. The joints were subjected to quasi-
static cyclic loading, and their performance was examined in terms of lateral load capacity, drift
ratio, axial load reduction in the column at high drift ratios, joint shear strength, ductility, shear
deformation angle of the joint, and residual strength. Two levels of axial compressive column
load were investigated to determine how this variable might influence the performance of the
joint. Specific performance levels for this type of RC joint were established and a comparison
was made to current design and rehabilitation standards. A limit states model was established,
which could be used for performance evaluation or seismic rehabilitation.

More recently, Hakuto et al. (2000) performed simulated seismic load tests on RC one-

way interior and exterior beam-column joints with substandard reinforcing details typical of
7



buildings constructed before the 1970s. The exterior beam-column joints contained very little
transverse reinforcement in the members and the joint core. In one beam-column joint unit the
hooks at the end of the beam top bars were bent up and the hooks at the ends of the bottom bars
were bent down. In the other beam-column joint unit the hooks at the ends of the bars were bent
into the joint as in current practice. The improvement in performance of the joint with beam bars
anchored according to current practice was demonstrated.

The emphasis of the present study was the evaluation of the seismic performance of
exterior joints in existing nonductile one-way RC building frames with three different details of
beam and beam-column joint reinforcement. These reinforcement details were selected to satisty
the 1963 ACI Code (ACI 1963), but do not satisfy current provisions such as the ACI 352
Committee Report (ACI 1991). A total of six test units were tested. All of the test units had top
bars bent into the joints with a 180° hook; two of the test units had bottom bars extending only 6
in. into the joint, two test units had the bottom bars extending all the way into the joint, and the
remaining two test units had bottom bars bent up into the joint with a 180° hook. The details of
the reinforcement are somewhat typical of buildings built before the 1970s and are substandard
according to current codes. These details can also be found in areas of the world where seismic
forces are not the governing load condition. In the present study, two levels of axial
compression load were investigated for each of the three details: 10% and 25% of the axial

column capacity in compression.



2 Test Units

2.1 DESCRIPTION OF TEST UNITS

The six test units were full-scale models of typical exterior beam-column joints in RC buildings
found in the United States before 1970. The longitudinal and transverse reinforcement in the
beam and the column transverse steel was increased to prevent early degradation of the beam and
column, forcing a shear mode of failure in the joint. There is no transverse reinforcement within
the joint core, and the beam longitudinal bottom bars did not have adequate embedment into the

joint. In addition, the confining reinforcement details are inadequate according to current criteria

(ACI 352, 1991).

2.2 MATERIAL PROPERTIES
2.2.1 Concrete

The original design of the test units called for a concrete compressive strength of 4000 psi (27.6
MPa). Test units with identical reinforcement were cast from the same batch to eliminate
variations between them. Care was taken to ensure that each batch met the mix design such that
all six test units had comparable strengths. Table 2.1 shows the concrete compressive strength of
each test unit obtained from the average of three 6x12 in. cylinders; in addition, the test units are
identified according to the level of axial compressive load, P, in the columns, expressed as a

fraction of the axial load capacity, f'. 4,.



Table 2.1 Concrete compressive strength of test units and level of axial load

Test F'. P

Unit psi (Mpa) fi4,
1 4794 (33.1) 0.10
2 4794 (30.2) 0.25
3 4934 (34.0) 0.10
4 4934 (31.6) 0.25
5 4596 (31.7) 0.10
6 4596 (31.0) 0.25

2.2.2 Steel Reinforcement

Three sizes of deformed steel rebar were used for reinforcement in the test units. The column
steel included #8 bars as longitudinal reinforcement with #3 hoops. The beam used #9
longitudinal bars as well as #3 bars for stirrups. The ultimate (£),) and yield (F)) strengths of

reinforcement used in the tests are shown in Table 2.2 below.

Table 2.2 Steel reinforcement strength

Reinforcement Type | Bar Size F, (ksi) F, (ksi)
Beam longitudinal 9 110.4 66.5
Column longitudinal 8 107.6 68.1
Stirrups/ties 3 94.9 62.0

2.3  CONSTRUCTION OF TEST UNITS

All six of the test units were constructed with identical dimensions and similar detailing. The
dimensions and reinforcement details for test units 1 and 2 are shown in Figure 2.1. Note that
the bottom bars have only a 6 in. embedment into the column, a typical detail for 1970s’

construction.

10
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Fig. 2.1 Test units 1 and 2: dimensions and reinforcement details

Similarly, Figures 2.2 and 2.3 show the dimensions and reinforcement details for test
units 3 and 4, and 5 and 6, respectively. Note that the bottom bars for test units 3 and 4 have a
14 in. embedment into the column, a typical detail for 1970s’ construction. Test units 5 and 6

have the top and bottom bars ending in hooks, as shown in Figure 2.3.
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Fig. 2.3 Test units 5 and 6: dimensions and reinforcement details

For the six test units, the beam is 16 in. (40.60 cm) wide and 16 in. (40.60 cm) deep. It is
symmetrically reinforced with 4-#9 bars for both the positive and negative reinforcement; the
steel ratio is 1.86% at both top and bottom. Each top longitudinal beam bar ends with a 180"
hook bent down into the joint with an extension of 4d, back toward the beam. Each bottom
longitudinal bar in test units 1 and 2 extends straight into the joint area 6 in. beyond the face of
the column. Top and bottom steel overlap 2.5 in. (6.35 cm) inside the joint. The bottom
longitudinal bars for test units 3 and 4 are similar to those of test units 1 and 2 but extend

completely into the joint a distance of 14 in. (35.56 cm) causing approximately 5 in. (12.70 cm)
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of overlap. The bottom longitudinal bars in test units 5 and 6 end with a 180" hook bent up into
the joint with an extension of 4d;, back toward the beam. This allows complete overlapping of
hooks and extensions inside the joint. The transverse reinforcement in the beam consists of two
stirrups. A #3 bar closed stirrup encloses the four corner bars and ends with a 145" bend and a
2.5 in. (6.35 cm) extension for both ends. A #3 bar open stirrup wraps around the four inside
bars and ends with a 180" bend and a 2.5 in. (6.35 cm) extension for both ends as shown in
Figure 2.4. These two stirrups are tied together and are spaced at 6 in. (15.24 cm) along the
beam except within 15 in. (38.10 cm) of the beam end where the spacing is reduced by half to 3
in. (7.62 cm). The closer spacing is intended to give adequate strength at the location where the

force is applied during the test.
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Fig. 2.4 Beam cross section

For the six test units, the column is 16 in. (40.60 cm) wide and 16 in. (40.60 cm) deep. It
is reinforced with 4-#8 longitudinal bars on the beam-column face and another 4-#8 bars on the
opposite face, giving a steel ratio of 2.47%. The longitudinal steel extends continuously from
bottom to top of column. The transverse reinforcement in the column consists of 2-#3 bar closed
stirrups each ending with 145 bends and 2.5 in. (6.35 cm) extensions for both ends, as shown in
Figure 2.5. The stirrups are spaced at 6 in. (15.24 cm) along the height of the column except

within the joint region where no transverse steel is present. Spacing of the transverse steel is
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reduced to 3 in. (7.62 cm) at the top and bottom ends of the column, where the column was

supported during the test.
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Fig. 2.5 Column cross section

Table 2.3 compares the design requirements of ACI 318-63, which the test units were

built to meet, with current design requirements.

Table 2.3 Comparison of steel details to current ACI code

Parameter As-built Type 1 Type 2
(ACI 318-63) (ACI 352-91) (ACI 352-91)
Column long. bars | 0.01A,<A<0.08A; | 0.01A;<A<0.08A, | Dist. around perimeter
passing through joint| Min. (4) #5 bars Min. (4) bars s<8”,1/3w
Standard Hook 180° turn + 180° turn + 180° turn +
extension > 4dy, 2.5” | extension > 4dy, 2.5” | extension > 4d,, 2.5"
Stirrup/Tie 135° turn + 180° turn + 180° turn +
Anchorage extension > 6d,, 2.5” | extension > 6dy, 2.5 | extension > 6d,, 2.5”
Min. inside rad. of For #9 = 4d, For #9 = 4d, For #9 = 4d,
bend
Transverse Joint Not Required Not Satisfied Not Satisfied
Reinforcement
Beam depth to Not Required 16<20 16<20
Column Bar Ratio
Bottom Bar 6 in. Not Satisfied: min Not Satisfied: 90°
Embedment 49 in. per ACI 318 hook required
Sec. 12.2.3
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The standard 180° hooks in the 1963 code currently have identical requirements. The
joints have no transverse hoop reinforcement, which was not required according to the 1963 ACI
Code, but which violates recommendations according to the 1991 ACI 352 recommendations. In
addition, the beam depth to column bar ratio is substandard according to the 1991 ACI 352
recommendation of being at least equal to 20. It should also be noted from Figure 2.5 that the
column has inferior detailing regarding the distribution of the column bars, since two of the faces
of the joint do not contain any column bars. This affects the confinement of the joint concrete in
an adverse manner.

The test unit reinforcement cages were constructed according to Figures 2.1 through 2.5
over a period of several weeks and cast in place in pairs within two weeks. A high-frequency
vibrator was used to consolidate the concrete, and trowels were used to finish the concrete
allowing a smooth surface for crack mapping. Each test unit was allowed to cure for at least 72

hours before they were removed from the forms.
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3 Test Setup

3.1 INSTRUMENTATION

3.1.1 Strain Gages

Strain gages were placed on both the longitudinal and transverse reinforcement at selected
locations within and around the concrete beam-column joints. Wires were attached to each strain
gage. In order for the concrete-rebar bond to be unaltered, these wires were gathered into bundles

and run along the center of the reinforcing cage in the beam or column to the closest end where

the wires exited the test unit.

casting process.
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Precautions were taken to protect the strain gages during the
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Fig. 3.1 Test units 1 and 2: strain gage locations




Figure 3.1 shows the locations of the strain gages for test units 1 and 2. A total of 63
strain gages were applied to each of these test units. Most of the strain gages were applied on the
longitudinal bars closest to the front face of the test unit. A few were applied on the second set
of longitudinal bars to add redundancy. The numbering pattern for all test units begins on the top
of the column on the longitudinal bars and works its way down to the bottom of the column. It
then starts again from the top of the column on the horizontal hoops and continues to the bottom
of the column. Next, the numbering goes to the top longitudinal beam bars, from outside the

joint toward the end of the bar inside the joint.
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Fig. 3.2 Test units 3 and 4: strain gage locations

This same pattern is repeated for the bottom longitudinal beam bars. Finally, the strain
gages on the vertical beam stirrups are numbered from outside the joint toward the joint. Figure
3.2 shows the placement of strain gages for test units 3 and 4. This is identical to test units 1 and

2 with the exception of two extra strain gages, 64 and 65, at the end of the bottom beam bars.
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Fig 3.3 Test units S and 6: strain gage locations

Figure 3.3 represents the strain gage placement for test units 5 and 6. A total of 82 strain
gages were placed on each of these test units. These were the first two test units to be
instrumented with strain gages and were afterward considered too redundant. Test units 1

through 4 reflect the revised amount omitting 17 to 19 strain gages.

3.1.2 LVDTs

A configuration of 14 linear variable differential transducers (LVDTs) was mounted
unobtrusively on the column at the front face of the joint, perpendicular to the joint at the four
corners, and along the top and bottom of the beam near the joint. Figure 3.4 shows this LVDT

configuration. The data from these LVDTs were used to calculate shear strain.
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3.1.3 Displacement Transducers

Displacement transducers were attached to each test unit to measure deflection at the end of the
beam, deflection at the point of lateral loading, curvature along the beam, rotation of the joint,
and rigid body movement of the specimen. Additional displacement transducers were attached
to test units 1 through 4 to measure bottom beam bar pullout. This was accomplished by
attaching a stiff, thin wire to the end of one of the bottom beam bars prior to casting. A small
groove was cut approximately 4" away from the end of the bar around its perimeter so that the
wire could loop around the bar. Another groove was cut to lead the wire to the end of the bar
near the bar’s center. Strain gage glue was applied to the wire inside the groove and a small
carbon-fiber straw was placed around the wire to protect it as it exited the test unit. During the

test setup, the displacement transducer was attached to the wire.
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3.2 LOADING APPARATUS

A schematic of the loading apparatus is shown in Figure 3.4. The column was mounted
vertically with pinned supports at both ends. The axial load was applied using a small hydraulic
cylinder and transferred to the column from the reaction against the loading frame and floor.
Eight strain gages, one on each face of the column both top and bottom, were used to measure
the axial load. Four threaded rods at each corner around the test unit were used to balance the
applied axial load. The average of the eight strain gages was used as the axial load. The lateral
load was applied at the end of the beam through a loading collar. A load cell situated between
the hydraulic actuator and the loading collar measured the quasi-static cyclic load applied to the
beam. The actuator was pinned at the end to allow rotation during the test. This loading device

was manually operated.

3.3 TEST PROCEDURE

Before beginning each test, the axial load was slowly applied to the column and balanced in
steps until the appropriate level was achieved. An axial compressive load equal to 0.1f°. was
applied to test units 1, 3, and 5. Test units 2, 4, and 6 received an axial compressive load equal
to 0.25f°.. During each test, the appropriate level of axial compression was maintained by
manually adjusting the small hydraulic cylinder after each load step. The lateral load was
applied cyclically through the loading collar, in a quasi-static fashion, at the end of the beam, as
shown in Figure 3.4. The loading procedure outlined by PEER was followed. This consisted of
displacement-controlled steps beginning at a 0.1% drift followed by steps of 0.25%, 0.50%,
0.75%, 1.0%, 1.5%, 2.0%, 3.0%, 5.0%, 7.0%, and 10.0% drift. Owing to the limits of stroke in
the actuator, 10.0% drift was not achievable. An alternate step of approximately 9.0% was used
instead of 10.0%. Each drift step consisted of 3 cycles of push and pull, or up and down,
respectively. The test concluded when the 9.0% drift step was completed, or the column was
unable to maintain the axial load. The loading procedure for test 4, shown in Figure 3.5, is

typical of all six tests.
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4 Test Results and Discussion

4.1 THEORETICAL PREDICTIONS

The test units had the material properties described in Chapter 2. Based on the compressive
concrete strength of each unit, the actual value of the axial compressive load applied during the
tests is shown in Table 4.1; the table also provides a brief description of each unit in terms of the
bottom bar embedment details. The theoretical beam moment capacity was calculated by using
the actual material properties of the units at the face of the column assuming that the beam
reinforcement yields with f, = 66.5 ksi. Table 4.1 shows the theoretical beam and column
flexural capacity and the flexural strength ratio. The column flexural capacity was calculated for
the specific axial compressive load applied during the test of each unit, by using the specific
column interaction diagram, and f, = 68.1 ksi. Table 4.1 also gives the flexural strength ratio of
columns to beam; this ratio is specified as equal to 1.2 in the ACI 318 Code (1999) in order to

satisfy the strong-column weak-beam design philosophy.

Table 4.1 Beam and column theoretical flexural capacity and flexural strength ratio

Test | Bottom Bar P P Beam Column M,
Unit | Embedment f—A Moment, M, | Moment, M, M
“ | (kips) (kip-in.) (kip-in.) ’

1 6-in. 0.10 123 3024 2832 1.87
2 6-in. 0.25 307 3024 3120 2.06
3 14-in. 0.10 126 3024 2880 1.90
4 14-in. 0.25 316 3024 3168 2.09
5 Hook 0.10 118 3024 2796 1.85
6 Hook 0.25 294 3024 3084 2.04

As Table 4.1 shows, all test units satisfy the provision of the ACI Code regarding the

flexural strength ratio.



4.2 EXPERIMENTAL RESULTS
4.2.1 Test Unit 1

The lateral load applied versus drift for unit 1 is shown in Figure 4.1. The horizontal axis shows
the drift ratio for the unit. In addition the figure shows the step numbers near each load step.
Note that a positive load indicates that the load was applied in the upward direction. It is clear
that the upward direction resistance is deficient because of the inadequate anchorage of the
bottom beam bars of only 6 in. into the joint, as shown in Figure 2.1. The maximum load in the
upward direction occurred at a drift ratio of 1.5% and had a value of 20.7 kips; in the downward
direction, the maximum load occurred at a drift of 1.5% and had a value of 43.8 kips. The ratio
between the lateral load capacity in the strong and weak directions is thus equal to 2.12. This

indicates early bond slip of the bottom reinforcement with inadequate embedment.

Test #1 — 0.1f ;A4 axial load

Note: 10 = first cycle of load step number 10

Lateral Load (kips)
o ©
—

-0 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10
% Drift

Fig. 4.1 Unit 1: lateral load versus drift ratio
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The flexural moment applied is compared to the theoretical moment capacity in Table 4.2
for all test units. Test unit 1 had an actual beam moment capacity 41% of the theoretical in the
upward direction and 86% in the downward direction. Figure 4.2 shows the moment-rotation
and the moment-plastic-rotation curves. The plastic rotation at the peak moment in the upward
direction was 0.005 radian, and at the peak moment in the downward direction it was 0.006

radian; the plastic rotation at 80% of the peak moment was 0.015 radian in the upward direction

and 0.020 radian in the downward direction.

Test#1 — 0.1 A, axial load
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Fig. 4.2 Unit 1: moment-rotation and moment-plastic-rotation envelopes

The column axial load for test unit 1 was set at a level of 0.1 f”.4,, which corresponds to
a 123 kips compression load. Although every effort was made to maintain the axial load at this
level throughout the test, variations were unavoidable. As shown in Figure 4.3, the axial load
varied from 106 to 144 kips, or a range of 86% to 117%. However, there was no indication that

test unit 1 reached its capacity because it could not support the axial compression load.
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Test #1 — 0.1f' ;A4 axial load
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Fig. 4.3 Unit 1: variation of axial compression column load

The cumulative energy absorbed by test unit 1 is shown in Figure 4.4. The total energy
absorbed was 558 kip-in. at a drift ratio of 9%. At a drift ratio of 1.5%, at which the maximum
load occurred for both the upward and downward directions, the absorbed energy was only 15%
of the total energy absorbed, and at a drift ratio of 4% it was 50% of the total energy absorbed.

The joint shear stress versus joint shear strain for test unit 1 is shown in Figure 4.5. The
maximum joint shear stress was 372 psi in the upward direction, which corresponds to a y=5.3
(psi). The downward maximum joint shear stress was 780 psi with a corresponding y=11.1 (psi).
The joint shear strain at the maximum shear stress was 3480 pe in the upward direction and 1960

ue in the downward direction.
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Test#1 — 0.1f' A, axial load
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Fig. 4.4 Unit 1: cumulative energy dissipation
Test #1 — 0.1f' ;A4 axial load
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4.2.2 Test Unit 2

The lateral load applied versus drift for unit 2 is shown in Figure 4.6. The upward direction
resistance is deficient because of the inadequate anchorage of the bottom beam bars of only 6 in.
into the joint, as shown in Figure 2.1. The maximum load in the upward direction occurred at a
drift ratio of 1.48% and had a value of 28.3 kips; in the downward direction, the maximum load
occurred at a drift of 1.52% and had a value of 42.7 kips. The ratio between the lateral load
capacity in the strong and weak directions is thus equal to 1.51, which is more favorable than the
2.12 ratio obtained for test unit 1. This indicates that the presence of the higher axial load was
beneficial in preventing the early bond slip of the bottom reinforcement, even though the

embedment was exactly the same for units 1 and 2, i.e., 6 in.

Test #2 — 0.25f' A, axial load

Note: 10 = first cycle of load step number 10
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Fig. 4.6 Unit 2: lateral load versus drift ratio

The flexural moment applied is compared to the theoretical moment capacity in Table 4.2
for all test units. Test unit 2 had an actual beam moment capacity of 56% of the theoretical in
the upward direction and 83% in the downward direction. Figure 4.7 shows the moment-rotation

and the moment-plastic-rotation curves. The plastic rotation at the peak moment in the upward
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direction was 0.005 radian, and at the peak moment in the downward direction it was 0.006

radian; the plastic rotation at 80% of the peak moment was 0.016 radian in the upward direction

and 0.015 radian in the downward direction.

Test #2 — 0.25f' ;A axial load
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Fig. 4.7 Unit 2: moment-rotation and moment-plastic-rotation envelopes

The column axial load for test unit 2 was set at a level of 0.25 f”.4,, which corresponds to
a 307 kips compression load. Variations in the level of axial load were unavoidable as shown in
Figure 4.8; the axial load varied in the range of 97% to 110%. However, there was no indication
that test unit 2 reached its capacity because it could not support the axial compression load. It is
clear that the failure mode is again bond slip of the bottom bars; however, the presence of the

increased axial load compression in the column brought the upward capacity close to the

downward capacity.
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Test #2 — 0.25f ;A4 axial load
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Fig. 4.8 Unit 2: variation of axial compression column load

The cumulative energy absorbed by test unit 2 is shown in Figure 4.9. The total energy
absorbed was 563 kip-in. at a drift ratio of 9%. At a drift ratio of 1.5%, at which the maximum
load occurred for both the upward and downward directions, the absorbed energy was only 14%
of the total energy absorbed, and at a drift ratio of 4% it was 50% of the total energy absorbed.
The energy absorption behavior is very similar to that of test unit 1.

The joint shear stress versus joint shear strain for test unit 2 was not able to be

determined due to the LVDTs malfunctioning during the test.
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Test #2 — 0.25f' A axial load
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Fig. 4.9 Unit 2: cumulative energy dissipation

4.2.3 Test Unit3

The lateral load applied versus drift for unit 3 is shown in Figure 4.10. The upward direction
resistance is similar to the downward, since the anchorage of the bottom beam bars was 14 in.
into the joint, as shown in Figure 2.2. The maximum load in the upward direction occurred at a
drift ratio of 2.00% and had a value of 42.2 kips; in the downward direction, the maximum load
occurred at a drift of 2.00% and had a value of 41.4 kips. The ratio between the lateral load
capacity in the two directions is thus equal to 1.02, which shows that the capacity in the upward
and downward directions is almost the same. This indicates that the 14 in. embedment with the 5
in. overlap with the hook from the top bars was effective in providing anchorage to the bottom

bars and preventing a premature bond slip.
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Test #3 — 0.1f' ;A4 axial load

Note: 10 = first cycle of load step number 10
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Fig. 4.10 Unit 3: lateral load versus drift ratio

The flexural moment applied is compared to the theoretical moment capacity in Table 4.2
for all test units. Test unit 3 had an actual beam moment capacity of 83% of the theoretical in
the upward direction and 81% in the downward direction. Figure 4.11 shows the moment-
rotation and the moment-plastic-rotation curves. The plastic rotation at the peak moment in the
upward direction was 0.013 radian, and at the peak moment in the downward direction it was
0.006 radian; the plastic rotation at 80% of the peak moment was 0.025 radian in the upward

direction and 0.020 radian in the downward direction.
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Test #3 — 0.1f' ;A4 axial load
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Fig. 4.11 Unit 3: moment-rotation and moment-plastic-rotation envelopes

The column axial load for test unit 3 was set at a level of 0.10 f”.4,, which corresponds to
a 126 kips compression load. Variations in the level of axial load were substantial as shown in
Figure 4.12; the axial load varied in the range of 65% to 140%. Shear failure of the joint was the
primary failure mode. The drop in axial load was 35%, so it is clear that test unit 3 reached its
ultimate capacity because it could not support the axial compression load once the shear

mechanism occurred.
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Test #3 — 0.1f' /A axial load
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Fig. 4.12 Unit 3: variation of axial compression column load

The cumulative energy absorbed by test unit 3 is shown in Figure 4.13. The total energy
absorbed was 683 kip-in. at a drift ratio of 9%. At a drift ratio of 2.0%, at which the maximum
load occurred for both the upward and downward directions, the absorbed energy was 21% of the
total energy absorbed, and at a drift ratio of 4.5% it was 50% of the total energy absorbed. The
energy absorption is 22% higher compared to test unit 1.

The joint shear stress versus joint shear strain for test unit 3 is shown in Figure 4.14. The
maximum joint shear stress was 734 psi in the upward direction, which corresponds to a y=10.6
(psi). The downward maximum joint shear stress was 720 psi with a corresponding y=10.4 (psi).
The joint shear strain at the maximum shear stress was 3250 pe in the upward direction and

4270 pe in the downward direction.
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Fig. 4.13 Unit 3: cumulative energy dissipation
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Fig. 4.14 Unit 3: joint shear stress versus joint shear strain
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4.2.4 Test Unit 4

The lateral load applied versus drift for unit 4 is shown in Figure 4.15. The upward direction
resistance is similar to the downward, since the anchorage of the bottom beam bars was 14 in.
into the joint, as shown in Figure 2.2. The maximum load in the upward direction occurred at a
drift ratio of 2.00% and had a value of 45.1 kips; in the downward direction, the maximum load
occurred at a drift of 2.00% and had a value of 47.5 kips. The ratio between the lateral load
capacity in the two directions is thus equal to 1.05, which shows that the capacity in the upward
and downward directions is almost the same. This indicates that the 14 in. embedment with the 5
in. overlap with the hook from the top bars was effective in providing anchorage to the bottom

bars and preventing a premature bond slip; this was also observed in test unit 3.
Test#4 — 0.25f A, axial load
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Fig. 4.15 Unit 4: lateral load versus drift ratio

The flexural moment applied is compared to the theoretical moment capacity in Table 4.2
for all test units. Test unit 4 had an actual beam moment capacity of 8§7% of the theoretical in
the upward direction and 93% in the downward direction; this is a better performance than unit 3
and it shows the beneficial effect of the axial compression load in confining the joint concrete.
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Figure 4.16 shows the moment-rotation and the moment-plastic-rotation curves. The plastic

rotation at the peak moment in the upward direction was 0.011 radian, and at the peak moment in

the downward direction it was 0.012 radian; the plastic rotation at 80% of the peak moment was

0.022 radian in the upward direction and 0.020 radian in the downward direction.
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Fig. 4.16 Unit 4: moment-rotation and moment-plastic-rotation envelopes

The column axial load for test unit 4 was set at a level of 0.25 f'.4,, which corresponds to

a 316 kips compression load. Every effort was made to maintain the axial load at this level

throughout the test. Variations in the level of axial load were substantial, as shown in Figure

4.17,

the axial load varied in the range of 76% to 113%. The previous failure mechanism is joint

shear, followed by loss of axial load capacity. The drop in axial load was 24%, and it is clear

that test unit 4 reached its ultimate capacity because it could not support the axial compression

load.
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Test #4 — 0.25f' A axial load
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Fig. 4.17 Unit 4: variation of axial compression column load

The cumulative energy absorbed by test unit 4 is shown in Figure 4.18. The total energy
absorbed was 470 kip-in. at a drift ratio of 5%. At a drift ratio of 2.0%, at which the maximum
load occurred for both the upward and downward directions, the absorbed energy was 29% of the
total energy absorbed, and at a drift ratio of 3% it was 50% of the total energy absorbed. It
should be noted that test unit 4 shows that with the higher axial compression load, there was
much less drift achieved in the test, approximately 56% that of unit 3.

The joint shear stress versus joint shear strain for test unit 1 is shown in Figure 4.19. The
maximum joint shear stress was 794 psi in the upward direction, which corresponds to a y=11.3
(psi). The downward maximum joint shear stress was 836 psi with a corresponding y=11.9 (psi).
The joint shear strain at the maximum shear stress was 2990 pie in the upward direction and 2220

pe in the downward direction.
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Fig. 4.18 Unit 4: cumulative energy dissipation
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Fig. 4.19 Unit 4: joint shear stress versus joint shear strain
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4.2.5 Test Unit5

The lateral load applied versus drift for unit 5 is shown in Figure 4.20. The bottom beam bars
have a hooked anchorage detail identical to the top bars in the joint, as shown in Figure 2.3. The
maximum load in the upward direction occurred at a drift ratio of 2.8% and had a value of 43.6
kips; in the downward direction, the maximum load occurred at a drift of 2.0% and had a value
of 38.2 kips. The ratio between the lateral load capacity in the upward and downward directions

is thus equal to 1.14 due to manufacturing tolerances of the test unit.
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Fig. 4.20 Unit S: lateral load versus drift ratio

The flexural moment applied is compared to the theoretical moment capacity in Table 4.2

for all test units. Test unit 5 had an actual beam moment capacity of 8§7% of the theoretical in

40
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the upward direction and 75% in the downward direction. Figure 4.21 shows the moment-
rotation and the moment-plastic-rotation curves. The plastic rotation at the peak moment in the
upward direction was 0.011 radian, and at the peak moment in the downward direction it was
0.010 radian; the plastic rotation at 80% of the peak moment was 0.030 radian in the upward

direction and 0.024 radian in the downward direction.
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Fig. 4.21 Unit 5: moment-rotation and moment-plastic-rotation envelopes

The column axial load for test unit 5 was set at a level of 0.10 f'.4,, which corresponds to
118 kips compression load. Variations in the level of axial load were unavoidable as shown in
Figure 4.22; the axial load varied in the range of 79% to 149%. The drop in axial load was 21%
and unit 5 eventually lost its axial-load-carrying capacity. It is clear that the primary failure

mode is joint shear.

41



Test #5 — 0.1f' ;A4 axial load
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Fig. 4.22 Unit S: variation of axial compression column load

The cumulative energy absorbed by test unit 5 is shown in Figure 4.23. The total energy
absorbed was 707 kip-in. at a drift ratio of 9%. At a drift ratio of 2.5%, at which the maximum
load occurred on average for the upward and downward directions, the absorbed energy was
20% of the total energy absorbed, and at a drift ratio of 5% it was 50% of the total energy
absorbed. The energy absorption behavior of unit 5 was the highest of all six tests.

The joint shear stress versus joint shear strain for test unit 5 is shown in Figure 4.24. The
maximum joint shear stress was 766 psi in the upward direction, which corresponds to a y=11.3
(psi). The downward maximum joint shear stress was 671 psi with a corresponding y=9.9 (psi).
The joint shear strain at the maximum shear stress was 5840 pe in the upward direction and 2890

pe in the downward direction.
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Test #5 — 0.1f A4 axial load
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Fig. 4.24 Unit 5: join stress versus joint shear strain
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4.2.6 Test Unit 6

The lateral load applied versus drift for unit 6 is shown in Figure 4.25. The upward direction
resistance is similar to the downward, since the anchorage of the bottom beam bars was identical
to that of the top bars in the joint, as shown in Figure 2.3. The maximum load in the upward
direction occurred at a drift ratio of 3.00% and had a value of 44.4 kips; in the downward
direction, the maximum load occurred at a drift of 2.00% and had a value of 43.1 kips. The ratio
between the lateral load capacity in the two directions is thus equal to 1.03, which shows that the

capacity in the upward and downward directions is almost the same.
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Fig. 4.25 Unit 6: Lateral load versus drift ratio

The flexural moment applied is compared to the theoretical moment capacity in Table 4.2
for all test units. Test unit 6 had an actual beam moment capacity of 87% of the theoretical in
the upward direction and 84% in the downward direction. Figure 4.26 shows the moment-
rotation and the moment-plastic-rotation curves. The plastic rotation at the peak moment in the
upward direction was 0.010 radian, and at the peak moment in the downward direction was also

0.010 radian; the plastic rotation at 80% of the peak moment was 0.024 radian in the upward
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direction and 0.024 radian in the downward direction as well. Thus the upward and downward

capacities and performance are very close.
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Fig. 4.26 Unit 6: Moment-rotation and moment-plastic-rotation envelopes

The column axial load for test unit 6 was set at a level of 0.25 f'.4,, which corresponds to
a 294 kips compression load. Variations in the level of axial load were substantial as shown in
Figure 4.27; the axial load varied in the range of 79% to 122%. The drop in axial load was 21%;
unit 6 eventually lost its axial-load-carrying capacity. It is clear that the primary failure mode is

joint shear.
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Test #6 — 0.25f ;A4 axial load
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Fig. 4.27 Unit 6: variation of axial compression column load

The cumulative energy absorbed by test unit 6 is shown in Figure 4.28. The total energy
absorbed was 597 kip-in. at a drift ratio of 7.6%, which was lower than that absorbed by unit 5;
note also that the maximum drift reached was lower compared to unit 5 due to the higher axial
load. At a drift ratio of 2.5%, at which the maximum load occurred on average for the upward
and downward directions, the absorbed energy was 25% of the total energy absorbed, and at a
drift ratio of 4.0% it was 50% of the total energy absorbed.

The joint shear stress versus joint shear strain for test unit 6 is shown in Figure 4.19. The
maximum joint shear stress was 780 psi in the upward direction, which corresponds to a y=11.5
(psi). The downward maximum joint shear stress was 759 psi with a corresponding y=11.2 (psi).
The joint shear strain at the maximum shear stress was 6270 pe in the upward direction and

6830 pe in the downward direction.
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Fig. 4.28 Unit 6: cumulative energy dissipation
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Table 4.2 Theoretical and actual beam moment capacities

Test P Theoretical Beam Actual Moment Actual Moment Capacity
Unit f—A Moment Capacity | Capacity —Upward ——Downward
cf (kip-in.) (kip-in.) (kip-in.)

1 0.10 3024 1229 2600

2 0.25 3024 1686 2508

3 0.10 3024 2508 2460

4 0.25 3024 2682 2826

5 0.10 3024 2622 2268

6 0.25 3024 2640 2550
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5 Performance-Based Evaluation

5.1 DESCRIPTION OF PARAMETERS

Existing performance-based evaluation methods include the FEMA 273 (BSSC 1997)
descriptions for buildings and the performance-based categories developed as part of the Pacific
Earthquake Engineering Research Center (PEER). The PEER Bridge Performance Database was
used as a guideline in evaluating the performance of the four exterior building joint specimens
(Hose et al. 2000). A five-level performance evaluation was performed based on the analysis of
a variety of parameters. These performance categories are well-suited for experimental
evaluations such as the present study. In addition, for specific subassemblies, the parameters
included in the performance categories can be expanded with relevant quantities. The
parameters in the PEER database include drift, concrete and steel strains, principal stress states,
displacement ductility, plastic rotation, residual deformation index, equivalent viscous damping
ratio, and effective stiffness ratio. Explicit procedures on how to calculate these parameters are
given by Hose et al. (2000). Several other parameters, in addition to those used for bridges, were
evaluated for the six building joint units tested in this investigation. They included joint strength
coefficient y, cumulative dissipated energy, joint shear strain, lateral load, and crack width. The

joint strength coefficient was calculated as follows:

7.,
Y= (5.1)

where 1, = nominal joint shear stress and f'c = concrete compressive strength. The cumulative
dissipated energy was determined as the area under the force-displacement hysteresis curves.
The joint shear strain was calculated from experimental LVDT strain data using plane strain
transformation. Lateral load was measured during the tests from the load cell attached between

the hydraulic cylinder and the beam-loading collar. Crack widths were marked and visually



measured during the tests. A peak value for each parameter was calculated or measured for each
cycle of each load step with the exception of crack width, which was measured only at the end of
each load step. These parameters were prepared for each test with the up and down loading
directions considered separately. These results are presented in Tables 5.1 through 5.12. The

values of the various parameters were used to delineate the five performance levels.

50



IS

2’899 - [ c0'0 LLL0 - - 28’8 Goc’L ¢00°0- 8660°0 12904 080 - - ¢0-3L2’L | ¢co-avl’L €€
7'8€9 - <l c0'0 8¢L0 - - 28’8 vev' L €00°0- 8660°0 18V - - ¢0-3ayC’L | ¢0-3€9°L 14 L
9YLS - gl c00 €810 - - c8'8 [*TAWA ¥00°0- ¥660°0 €8'G - - €0-38%'9 | ¢0-3¢S'L L€
L'ELY - el c00 y¥L0 - - 002 8169 ¥00°0- 8100 8L'G 0€0 - - ¢0-39S°L | ¢0-399°L (019

LSy - vl €00 €910 - - 002 9/6'9 ¥00°0- G8.0°0 €9'G - - c0-36¢°L | ¢0-32¢9’'L 6¢ oL
L'ecy - L'l €00 VAZA) - - 002 89S, 900°0- 8200 68'9 - - c0-30¥'L | ¢0-3.9°L 8¢
6'L.E - gl 00 1810 - - 00'S 1€8°9 #00°0- 6%750°0 ¥6'G 0L'0 - - €0-31L2'6 | co-Ivy'L yx4
8'8v¢ - 8’1l 00 1020 - - 00'S [SicTAVA G00°0- 1/S0°0 cl’L - - ¢0-399°L | ¢0-38¢’L 9C 6
€ale - €c 900 0S€0 - - 00'S 630'8 0L00- 09S0°0 1€'6 - - c0-3s¥’L | ¢o-3EL’L [*14
o'eve - e 600 761°0 el - 00'¢ 0r9'L 600°0- 0Le00 €8'8 800 - - ¢0-36S°L | ¢0-36S°L e

[ a4 - 9'¢C 0] 0cco i7" - 00'¢ 091’8 ¢L00- €0€0°0 ol - - c0-3ve’L | ¢o-3sy'L €c 8
9'L61 ¢0-3.¢¢ 9°¢ GlLo 89¢°0 80°¢ - 00’¢ L¥0'6 120°0- 88¢0°0 8G9Vl €0-31€'6- | ¥O-3¥6°L- | €0-a¥SL | 20-A8V'L t44
ocrl ¢0-362°) Ve ¢co 7€1L°0 60°L - 00'¢ 1298 020°0- G.L00 18°€lL 00 €0-3.6°¢- | €0-396°6- | ¢0-30G°} | 20-309°L ¥4
29cl €0-32G9°6 8¢ vZ0 (A4} X5 - 00'¢C 0v6'8 ¥20°0- €100 €v'al G0-381°¢- | €0-30€°€- | ¢0-36L°L | 20-38S°L 0c L
¥ /01 €0-362°L 9y 820 6510 19°1 006°€ 00'¢ 1696 1€0°0- 29100 ce'8l €0-302°} | €0-36S°L | ¢0-3.S°L | ¢0-38G'L 6l

1'¢8 €0-399'v (4 €0 c0l'0 ¢6'0 G.0°¢ 0s’'L 0€E'6 9¢0°0- 91100 9¥' 9L 8000 |[€0-3/CL-| €0-3L€°L | €0-3€C'¢C | ¢0-I6E'L 8l

60 €0-3.¢'v * 4 9¢'0 9010 €0’ 190°¢ 0s'L 2996 0€00- 0LL00 88°LL €0-381°¢- | €0-3¥0°¢- | €0-3€C'¢C | ¢0-3LS'L Ll 9
2’858 €0-3¢5°¢ [A°) €v'o 6¢L'0 860 8.6°¢C 0s'L €820l 1€0°0- 9600°0 v.'0C €0-31Le'e- | €0-IEL v~ | €0-ALy'L | 20-3L0°L 9l

L'y €0-308°} * 4 790 8900 6€0 Ggs0'¢ 00’} 1696 620°0- 1G00'0 80'8L 8000 | ¥0-32S'¢c- | €0-3¥S9-| €0-3LL'S | €0-380°L Sl

9'Ge €0-399°L 9'Y 190 G/00 €¥'o €00°¢ 00’} €96 0€0°0- 8%700°0 or'8lL ¥0-321°G- | €0-320°L- | €0-3.Z'8 | €0-30L°L 14 [
9'6¢ €0-36¥'1 6’ 190 0800 [A740] v.6°L 00’} 1G6°6 ¥€0°0- L7000 8961 €0-369°¢C | €0-389°L- | c0-3E¥'L | €0-3GL°L €l

6'¢¢C ¥0-3..°8 44 890 6500 .10 G161 6.0 6226 9¢0°0- 92000 6,91 €000 | ¥0-3¥C¢- | €0-316'G- | ¥0-26S'8 | ¥0-I16°6 cl

9’61 70-362'8 (94 €0 2900 610 (YA 6.0 0€e'6 820°0- €200°0 (A% ¥0-36%°¢- | €0-32€°S- | ¥0-310°'8 | €0-300°L L 14
€9l ¥0-31¥2'8 9Y 6.0 G800 €20 sl G.0 0656 1€0°0- 91000 9¢'8l €0-38S°L | €0-399'¢- | €0-391L°6 | €0-IVL'L ol

gLl ¥0-366'C 8'¢ 60 500 900 666°0 080 999'Q €20°0- 00000 €€'GlL | 8ulled | $0-366°¢- | €0-39L°L- | ¥0-3¥L'9 | €0-32C0°L 6

L6 70-306°¢ L€ Ll 0S0°0 700 L¥6°0 0S°0 6.9°8 €¢0°0- 00000 00°GlL ¥0-310°¢- | €0-3LL°L- | ¥0-30G°S | ¥0-366°6 8 €
6L 70-3G8°¢€ 8¢ €6°0 690°0 100 ,00°L 0S°0 19.°8 ¥20°0- 00000 Ge'ql ¥0-368°¢- | €0-3¢C’L- | ¥0-3LL°G | ¥O-IvL'6 yA

99 ¥0-319°L a4 c0’L €900 €00 250 Gz'o 18Y°L 600°0- 00000 0.8 0000 |[¥0-39L°¢- | ¥0-3€9°€- | ¥0-36L°C | ¥0-398°G 9

0'S ¥0-359°v 8'¢C c0'L 1200 S0'0 G.0°L G20 198°L €10°0- 00000 [4WA% ¥0-3¢C’'c- | €0-38S°L- | ¥0-IAVL'Vv | €0-3€C’L °] 4
(x4 70-3¥8°L 0¢ LeL 8¥0°0 000 ¥9G°0 G20 LEL'8 910°0- 00000 €0¢l ¥0-3S0°L- | ¥0-3¢€'¢c- | ¥0-36S°L | ¥0-359°S 14

gl G0-399°L vl 0s’L 8010 000 €2C0 0L'0 870, €00°0- 00000 v¥'S 0000 | ¥0-3S€°L- | ¥0-30L°L- | S0-3ASY'8 | ¥0-IAPE'S €

" G0-3LL°L gl Gqe'lL 1600 000 Lveo 0L'0 Lec'L #00°0- 00000 10’9 ¥0-3.2°L- | ¥0-3S€°L- | S0-36SG'8 | ¥0-IASY'E 4 I
60 ¥0-3.LL°L g'c Gl #80°0 000 8610 0L'0 718, ¢L00- 00000 €10l ¥0-3C1°L- | #¥0-308°¢C- | ¥0-3cY'L | ¥0-3E9'V l
(ur-) A y beg 1ay Al (%) v [Cdpnsd)d] Capsd)od [ 4() (diy) (un) °3 °3 s3 s3

oney
ulens ‘13909 oney Buidweq | xepu; | iojoeq ssang | ssong wuor u | ulens ulens ulens ulens
ABisug | i1esyg |ybuens |sseuyng [ snoosip | ‘wuoyeq | Aumona | oney | uoisus) | dwoo |uonejoy | peoq | uipim | sjesouog | ejeuouoy | jeeys |19218 dayg
‘wwny | julor utor ‘43 |osinanba |jenpisey | "dsia | pua |ledidund |jedibund | onseld |lesele | doesg | N109 | Wwvaa | N10D | wwvas |epAo | peod

uondaaip dn Py J1°0) s191omeaed 2dURULIONId :[#IS9L ['S d[qeL




[43

7’885 - L) 200 G800 - - z88 | 109 | 9000- | 10800 | €99 [ o080 - - 20-3ve’L | 20-395°L | ¢
'8€5 - 7z €00 1100 - - z8'8 | 66v'9 | 0L00- | 20800 | 268 - - 20-3avy'L | €o-36v°L | 2¢€ L
9YLS - e ¥0°0 G800 - - z88 | o0seL | zzoo- | e6200 | 9°€) - - 20-36¢’L [ 2oLzl | 1€
L'ely - 1T ¥0°0 v100 - - 002 | 2202 | cL00- | €900 [ 0801 [ o0 - - 20-385°L | €0-391'6 | O¢
1Sy - 7'e 500 7100 - - 002 | vevsl | zzoo- | €2900 | 9s¢€l - - 20-319'L [ zoaieL [ 62 | oL
L'ecy - 0G 80°0 2600 - - 00, | 8988 | ovo0- | 60900 | 68761 - - 20-361°L | z0-387'L [ 82
6'1.€ - oY 600 2.00 - - 006 | 6508 [ 8z00- | oevo0 [ 119l [ 010 - - €0-3z.v [ 203€eL | L2

8'8ve - 1'G L0 2800 - - 006G | €116 | 6500~ | 82v00 | 8202 - - €0-3.16 | 203921 [ 92 6
g6le - z. 90 9z1'0 - - 006 | 96+'LL | G900 | 20v00 | 1682 - - 20-3ave’L | zo-aveL | Sz

0'eve - 99 vZ'0 1900 Tl - 00¢ | 68201 | 8500- | Gzz00 | €59z | 800 - - 20-365°L [ 20-39¢'L | vz

(%44 - L'l 120 1100 0Ll - 00¢ | s6'kL | zz00- | sizo0 | €80 - - 20-32y'L | zo-3svL | €2 8
9’161 - 96 Ge'0 9010 0’1 oovz | ooe | 229¢L | z600- | ¥6L00 | 6878 - - 20-39v'L | z0-328'L | 22

0zl - 68 8v°0 €500 v€0 Gzez | 00z | Sz8el | 060°0- | 80100 | 88°GE | #0°0 - - 20-385°L [ 20aveL | 12
z9zl - 96 150 6500 €€0 00zz | ooz | vseL | 2600- | oolo0 | 6v8E - €0-329'¢- | 20-309'} | €0-390€ | Oz L
201 - L0l 85°0 1200 620 ozzz | ooz | ZizwL | €bvo- | oso00 | tzEr €0-39%'}- [ 20-36¥'}- | 20-321) | 2o-32L | 61

1’28 [ €0-3911 L6 69°0 900 600 1991 [ 051 | z69€L | 660°0- | 1000 | 068 | 8000 |+0-3€€'8-|20-3e5L- | €0-3¢ce | z0-3eet | 81

60, |€03ELL | Lok 110 6700 600 €91 [ osh | LwL | goro- | evooo | zoov €0-3.€'L- [ vO-3€1'6- | €0-36L€ | 2o-asLL | 2L 9
Z8s | €0-39%6'L | 60 9/°0 190°0 1o 6691 | 05t | zogvL | 9Lto- | zvooo | 6L €0-392°Z- [ v0-30¢'Z- | 20-avL) | zo-36tL | 91

Viy [ €0-3611 68 180 1€0°0 100 €511 [ ool | soezk | v800- | 61000 | ¥O¥E | 8000 |€0-30z'€- | v0-I8 - | €0-AveY | 20-av0L | GI

96e [ €03zl 98 68°0 0v0°0 ¥0°0 vvLL | 0oL | 1zver | 9800- | 91000 | 99¥€ £0-385°Z- | ¥0-390'L- | 20-av0'L | zo-3gLL | vL g
96z | €0-3zL1 88 160 900 90°0 Wil [ 0oL | 189zL | 8800- | viooo | Leae €0-36¥'+- | v0-3c9°¢ | co-328¢ | 2o-avz L | €1

6cc [v0-3508 [ 22 160 Ge0'0 ¥0'0 1280 | G20 | S00'bL | 29000- | 90000 | 628 | €000 |€0-3e€h-[€0-3€L L[ ¥0-362°9 | €0-30L1 | 2b

96l | +0-3008 | T2 160 G€0'0 100 0880 | G20 | ZobbL | 29000- | Loooo | 8782 €0-380'}- | ¥0-322°6- | ¥0-369°9 | €0-352L | 11 14
€9l |v0-30z8| &2 660 8v0°0 G500 1680 | 620 | segbL | z00- | 90000 | 1z0E ¥0-380'8- | €0-360°C- | ¥0-338°9 | €0-3¢8°L | OL

Gl [ 03697 [ 96 v0'l €200 90°0 ¥€9'0 | 050 | €096 | Zv00- [ 10000 | ZGcz |®ueH [+0-31v's- | ¥0-30zC- | v0-362°€ [ €0-382L | 6

16 |v0o-3s9v | 1g S0'L 1€0°0 80°0 ov90 | os0 | 9z56 | 6v00- | ooooo | 68722 ¥0-392°6- | ¥0-368'L- | ¥0-3¢9°¢ [ co-azeL | 8 €
6. |v0-3ssy | 8¢ 80'L zv0°0 010 v€90 | os0 | 2:96 | 0so0- | ooooo | gzez ¥0-306'v- | v0-3¢v'z- | v0-3z2¢ | co-ageL | 2

96 [w0-3s0z| z¢ Gl'l 1700 00 Gze'0 | 20 | ¥89°2 | 6L000- [ 00000 | GZ2l | 0000 [+0-38.72- [G0-3v6'G-| ¥0-395L | ¥0-30L9 [ 9

06 | vo-3ere 1'e 87’1 891°0 ) ole'o | gzo | 8692 | sL00- | 00000 | Z8EL v0-3.2°¢- [ G0-avL's- | v0-3021 | v0-3808 | S Z
zz |voaezz| ve 9Ll 1700 00 eveo | gco | 8s62L 120°0- | 00000 | zS€l v0-3vv'e- | S0-3€7°L- | vo-aL0z [ voaeL | ¥

T ECERA] 0C Iy €700 100 2lzo [ ovo | tezZ | 8000- [ 00000 | 618 | 0000 [+0-36G°L-|S0-325L- | v0-3v0°L | ¥0-386S | €

L | vo-3erL gl 801 9500 G500 l0zo | ovo | oz’ | 000- | 00000 | L£Z v0-3p¥'L- [ G0-3¢8°)- | G0-39¢6 | vo-3LLS | 2 b
60 | v0-3rvzl (4 z€el 0510 €00 1610 | ovo | ¥622 | 600°0- | 00000 | 1978 ¥0-3¥9'L- | 50-368°Z- | s0-3¢6'6 | vO-T69°C | 1

(ur-y) A y boy [}¥] il (%) v [Capnsd)id| Cypsd)ed | 9() (diy) (w) 23 23 sg sg

oney
urens 'Joo) oney Buidweq Xapu| lojoe4 ssalg ssalg jjor ul | urens urens urens ulelg

ABisug | iteayg |yjbuang |ssauyng | snoasip | rwuoyag | Anmong | oney | uoisual | ‘dwon |uonejoy| peod YIpIM | 9@1810u09 | 83819U09) 19918 19918 dag
‘wwn) | julop jutor '#3  [9sIAAinb3 [fenpisey | “dsiq | yua |rediound (jediouud | onseld | [essie | ¥de1d | NI0D Wvag NT09 Wv3g |89 | peot

uondaaip umop (v2 J1°0) sa9oweied dUBULIOLId :[#1S9], 7°S Qe




€S

G'29S - vl c0'0 8860°0 - - 28’8 cve el c00°0- 12800 €9'G 0L'0< - ¥0-3€5°¢- | €0-3€6°L | €0-306°¢E €e
SLYS - gl c0'0 ¢560°0 - - 28’8 66761 ¢00°0- 8980°0 L9 - Y0-3€LP- | €0-300°'8 | €0-3LC'V [4% L
L'61S - 6'l c0'0 00€L’0 - - 28’8 €¥0°0¢ €00°0- 7980°0 1972 - ¥0-3¥S'e- | €0-398°L | €0-39L'V 1€
€8y - 6'l €00 9860°0 - - 002 41004 €00°0- 6890°0 16 0L'0< - ¥0-3€2°9- | ¢0-36%¥°L | €0-3LSV (018
c'09% - (4 €00 €LLo - - 00’2 6€2°0¢C €00°0- G890°0 0g'8 - ¥0-3¥8°L- | ¢0-3L0°}L | €0-369'V 6¢ ol
gecey - *4 €00 6/91°0 - - 002 11.9°0¢C G00°0- 28900 7001 - ¥0-369'8- | ¢0-3cv’'L | €0-3L9°S 8¢
€£'28¢ - v'e S0'0 [e{0rA 0] - - 00'S 209°'0¢ #00°0- 6.v0°0 29’6 0L'0< - €0-3¥0°'L- | 2¢0-3rL’L | €0-3€S°L yX4
€'/G¢ - LT S0'0 1% 4 0] - - 00'S 86.°0¢C G00°0- ¢.v0°0 .0l - €0-3dl¥'L-| €0-3€L'8 | €0-286°6 9¢ 6
€'vee - v'e 100 18€2°0 - - 00'S 6€G°LC 600°0- €9v0°0 8.'¢l - ¥0-3.9'v | ¢0-36€°L | C0-3CE’) [*14
0'¥S¢ - o¢ 0L'0 SovL0 - - 00'€ 850°0¢C 800°0- 99200 8lL'cl 0L0 - ¥0-316°L- | 20-3€L’}L | €0-3.E€°6 14
Lceec - v'e [4%0) 1691°0 - - 00'¢ 00€°0¢ 600°0- €9¢0°0 9.°¢€l ¢0-302°L- | ¥0-399°¢- | €0-3¥0°8 | ¢0-3L0°L €c 8
¢'coc - Sy GL0 08¢C’0 Syl - 00’¢ G66°0¢C 9100 16200 16°LL ¢0-320°L- | ¥0-3.¥'9- | ¢0-329°} | ¢0-3IvE’L [44
L'6¥l - Sy €20 6S¢CL°0 9G°0 - 00'¢ G66°0¢C 9100 €G10°0 clL'8l 020 ¥0-368°L- | €0-36S°¢- | ¢0-3€0°} | €0-300°G 1Z
€0¢el - L'G 920 61210 690 - 00'¢C eov'le 0c0'0- €¥10°0 19°0¢C €0-36¥'¢- | €0-3L2'¢- | €0-300'v | €0-3Y0'S 0c L
901 - €9 ce0 99¢€1°0 ¥8'0 006°¢ 00'¢C gLy'le 0€0°0- 8¢10°0 VAAT4 €0-30€'v- | €0-3¢S°¢- | €0-3¢v'C | ¢0-3SE’L 6l
0'8. - L'S 8¢€'0 ¢v.0°0 €€'0 L¥S'¢C oS’} 069°'L¢ ¥20°0- G800°0 69°¢C 100 €0-3G91°G- | €0-398'¢- | €0-3LGL | €0-3I8Y'8 8l
€19 - €9 4404} 86.0°0 6€'0 Lv9'¢ oS’} €80°¢c 0€0°0- #800°0 1€°G¢C €0-3LL°L- | €0-I¥6°'G- | €0-3S€°L | €0-38L'V Ll 9
L'vS - 0L 8¥'0 ¥201L°0 8¥'0 8€G'¢C 0s'L 9lL¥'¢e 1€0°0- 69000 8¢'8¢C €0-3¢6°'L- | €0-319'9- | €0-3¢0°¢C | ¢0-3ce’L 9l
8'Ge - 8'G 650 €8%0°0 S0'0 8Ll 00’} 60S°L¢C 9¢0°0- Ge00'0 ¢e'ec | duluieH [ €0-30S6°9- | €0-39¢€'8- | ¥0-318'8 | €0-3L0°EC Gl
0'Le - 1’9 090 92500 Lo 47" 00’} Gl9'l¢c 620°0- €€00°0 9G'v¢ €0-375'9- | €0-398'8- | ¥0-3¥Z'6 | €0-30L°¢E vl ]
€'6¢ - g9 99'0 22900 S0 6cL’L 00’} 9¢8’'le 2e0°0- 82000 12'9¢ €0-3¥6°G- | ¢0-3L0°L- | #0-329'8 | €0-369°¢E €l
€8l - LS SL0 /8€0°0 €00 1ze’l S.'0 ¢sele G200 €100°0 68°¢¢C 000'0 |€0-380°¢- | 2¢0-3a¥S'L- | ¥0-30+'S | €0-3SL°L Zl
'Sl - 6'S 8.0 12¥0°0 €00 c0e’L S.'0 cle’le 120°0- 01000 0s'ec €0-36S°L- | ¢0-3L0°L- | #0-36G'S | €0-368°¢C L 14
ccl - 19 ¢80 98G0°0 100 11T} GL0 8G¢€’L¢C 620°0- 90000 r've ¥0-31€'6- | €0-3¢.°9- | ¥0-386'9 | €0-309°¢C 0l
9/ - 9V ¥6°0 €200 000 ¥498°0 050 18%°0C L10°0- 00000 €98l 0000 | ¥0-3.€°L- | €0-3CL'L- | ¥O-3SLY | €0-JEE'C 6
€9 - L'y 96°0 L0¥0°0 000 8¥8°0 0S°0 961%°0¢C 8100 00000 88'81 ¥0-381°L- | €0-39%°9- | ¥0-390°'v | €0-35S5°9 8 €
LY - L'y 860 8¢S0°0 000 580 050 G.€0¢ 8100~ 00000 0ce6l ¥0-390°L- | €0-999'9- | ¥0-386°C | ¥0-IV6'S L
X4 - 8'¢C 60'}L 1¥0°0 000 Syy0 G20 €8v'6l 100°0- 00000 LeLL 0000 | ¥0-3LLL- | ¥0-3S6°6- | ¥0-300°C | ¥O-ILL'Y 9
0¢ - €' 60’} 15€0°0 000 €250 G20 61961 600°0- 00000 gcel ¥0-3¢S°L- | €0-3S0°L- | ¥0-35C°¢C | ¥0-38C'V S 4
vl - 8'¢C 60'}L 9850°0 000 9ev0 G2co 8.€61 1000~ 00000 LeLL ¥0-35¥°L- | ¥0-38L°9- | ¥0-398°L | ¥0-3S6°¢E 14
L0 - €l 9Ll €6G1°0 000 0610 0L'0 768'81 100°0- 00000 02's 0000 | ¥0-3.G°L- | ¥0-39G'L- | G0-386°S | ¥0-39l°¢C €
€0 - o'l 660 8001°0 000 .10 0L'0 €€8'8l 100°0- 00000 149874 G60-366'6- | S0-dlLCv- | S0-3L¥'S | ¥0-38L°L 4 l
(0] - <’ 10’} ¥2€0°0 000 0610 0L'0 €088l 100°0- 00000 Sl'Yy G0-3/€¢- | S0-368'6- | S0-3LL'9 | ¥0-3LL'L l
(ur-) A y beg 1ay i (%) v [Cdrnsd)d] Cpsd) °d 40) (d) (un) °3 °3 s3 s3
oney
ulens *14909 oney Buidweq | xepuj | sojoey ssang | ssanys juop ul | ulens ulens ulens uensg
ABisug | 1esys |yBuens [sseuyng [ snoosin | uuogeq | Aumong | oney | uoisusy | ‘dwoo |uonejoy| peoq | ypim | e1esouog | ejeuouon | jeeys 19918 deig
‘wwny | juop o ‘43 |9sia-ainb3 | jenpisey | dsia | wua |iedound (jediouud | onseld |resee | yoess | N109 | Wwvag | N109 | Wvag |epAo | peot

uondaaip dn Py Jsz°0) s191omeaed UBULIONI :7# ISOL €S IIqEL




143

G295 - 60 100 ¥51°0 - - z8'8 | Gzv8l 100'0- | 82800 | 64€ | 0L'O< |€0-3G2'8- | ¥0-3G¢'6- | 20-3€TL | €0-382°¢ | €€
GLYS - z 200 €L - - z8'8 | zzo8l 1000- | 2800 | 86¥ 20-3v0°L- [ €0-3LLL- | 20-3pz L | €o-399€ | € L
161§ - 0Z €00 zz10 - - z8'8 | ¥68'8L | +¥000- | ¥9800 | 8zZ'8 20-3ev'L- | €0-39¢'L- | 20-32e’) | €02y | LE
€Z8Y = 6l €00 9600 - - 002 | 26261 | €000- | 8900 | 692 [ 0L'0< [€0-38¥L- [v0-322°6-] 20-320°L | €01y | OF
Z09% - vz ¥0°0 €600 - - 002 | sore6L | S000- | 08900 | ¥8°6 €0-3€0°L- [ €0-avL'L- | 20-321L | €0-365 ¥ | 62 ol
£zey - 9¢ 900 911’0 - - 00L | Li.6) LLo0- | 02900 | £¥1 ¥0-3v8'¢- [ €0-38%'L- | 20-32Z)L | €0-3ELS | 8¢
€8¢ - K3 100 160°0 - - 006G | 98261 | 8000- | 82#00 | L2ZL | OL'O< [+0-316Z- [€0-391'L-| 20-3€1'L | €0-3589 | 22
€.6¢ - 6'¢ 800 0010 - - 006 | evo0z | zL00- | €9¥00 | ¥SGL €0-3¢€2°9- [ €0-391°1- | 20-306°L | 2z0-380°L | 92 6
evee - GG ZL0 0510 - - 006 | €820z | vzoo- | 6v¥00 | vEC2 ¥0-326'v- | €0-366'C- | 20-386°L | 20-3e€L | S2
05 - v'G 020 8100 - - 0o0¢ | €690z | +c00- | 05200 | G2tz | 0L0 [€0-320°L- | ¥0-3¥6'S | 20-390°) | 20-3sz'L | ¥2
1'zez - 1'9 220 ¥60°0 - - ooe | vil'zz | 8200- | Zv200 | 6LC ¥0-36.'8- | ¥0-380°t | z0-31€L | 20-35¢'L | €2 8
z20z - 08 0€0 0€L°0 Ge'l - o0¢ | vesez | svo0- | €2200 | viCe €0-30¢'6- [ ¥0-3¥8'L- | €0-30L6 | 20-TVSL | 22
16bl - 08 €0 0200 810 - 00Z | szvez | s¥00- | ¥2L00 | 602€ | 020 [€0-3¥9L-[€0-3€1'L-] €0-32z'6 | 20-a¥0°L | 12
€0¢ElL - L8 810 600 G0 - 00c | esecz | €s00- | 91100 | vi'SE €0-389°2- [ ¥0-310'6- | €0-316'G | 20-320'L | 02 L
9/0L - €0l 950 ¥80°0 9¢0 0021 | ooz | 261652 | 6900- | zotoo | 6L LY €0-3¢5'p- [ €0-310°L- | €0-3P¥'S | 203511 | 61

08 - 1'6 0.0 €v0°0 G0 ovs'L [ oGt | 9gvve | ¥90°0- | 25000 | 28'8¢ 100 [€0-3/28 [€0-3Liz-| €0-300€ | 203t | 8L

€19 - 00l €10 2500 910 ovsL | ogL | zesve | 1900- | ¥so00 | 900v €0-3¢6'6- [ €0-321°¢- | €0-388°C | 2oL | ZL 9
LbS - 90l 120 9900 0Z°0 1L | ogL | 906z | sz00- | 84000 | 0L2¥ 20-3¢0°'L- | €0-30¢c- | vo-31€8 | €0-3286 | 9L

8'GE - €8 68°0 ¥€0°0 010 ¥20L | 00k | 668Z¢ | 0S0°0- | 02000 | ¢czec |®unreH [€0-3cy'€- | €0-36v'¢- | v0-36€9 | €0-3€2 2 | Sb

ole - v'8 160 600 [T) 210 | oot | oe6zz | 1so0- | 6L000 | oz€e €0-36¥°¢- [ €0-322°S- | v0-3¥5S | €0-380°2 | 1 G
€6z - g8 ¥6°0 800 L0 €0l | 00b | sooee | zsoo- | 9Lo00 | 6LvE €0-39z°¢- [ €0-362°G- | v0-39L¥ | €0-382°9 | €1

€8l = 89 86°0 €00 010 €920 [ 620 | S92 | Ge00- | 60000 | 0c22 | 0000 [€0-3G€'L-|€0-3ev'9- | vo-LLe | o366 | 21

& - 69 00} 9€0°0 600 G/20 | 620 | 9921z | 9c00- | 60000 | 2L iz €0-32¢'L- [ €0-aLv- | v0-3262 | 203y L | 1L 14
zzl - V'L 20l 0500 600 96/0 | 620 | 9621z | 8e00- | 90000 | ¥e82 €0-38¢'L- [ €0-395°2- | v0-326'Z | 20-382'L | OL

9/ - 67 1071 0€0°0 900 9160 [ 060 | 96v°02 | 0200- | €0000 | ¥86L | 0000 [¥0-3e€Z- [¥0-320°Z- | ¥0-32€L [ €o-Tviv | 6

€9 - A zL0 €200 900 1€60 | 050 | zo90oz | zzo0- | 20000 | ¥O'LZ ¥0-391°2- | ¥0-3zz's- | v0-38¢L | €o-a8 v | 8 €
LY - L'G 601 1v0°0 900 €260 | o0 | 96v'0z | 1zo0- | 2zoooo | Lzoz ¥0-30%°9- [ €0-36€'L- | v0-3S¥L | co-qL0v | £

Gz - 12 FZal G100 100 9620 [ Gz0 | 20€6L | 900°0- - ¥0'LL | 0000 [+0-3zZ-[€0-3pL'L-] v0-381Z | v0-3188 | 9

0C - 8C iz 1500 €00 09z0 | szo | zee6L | L00O- - eeLl ¥0-385°¢- | ¥0-320'8- | G0-326'8 | vO-avs8 | S 4
vl - 0€ A 1500 ¥0°0 €920 | szo | zoe6lL | 800°0- - g8 Ll ¥0-3v¥2- | ¥0-350'8- | G0-are6 | v0-3LL8 |

10 - 9¢C vl 8€0°0 G00 9¢20 [ 0L0 | 96161 | 900°0- - 050l | 0000 [+0-38ZZ- [¥0-3€5°6-] G0-328°Z [ v0-A1L9 | ¢

€0 - 8l vSL 900 100 zero | ovo | vs6'8L | €00°0- - 9e’, ¥0-365'L- [ ¥0-3¥S'L- | Go-386'v | vo-3Z2E | € L
10 - el T Z€0°0 100 z0L'0 | oo | 8sz8L | zooo- - LS G0-36€'6- [ G0-3€8'+- | G0-3LSY | ¥0-36€7L L

(u-3) A u beg 1ay il (%) v |Capnsd)id| Capsd)od [ 4() (dm) (un) °3 °3 3 °3

oney
ulen)s 14909 oney Buidweq xapuj l1ojoe4 ssal)s ssals julopr ul ulens ulens ulens ulens
KBiaug Jleays yjbuang | ssauynsg | snoossip ‘waoyag | Anmong | oney | uoisua) | ‘dwon |uonejoy| peo UIpIM | @31810u09 | 83810U0) 19918 19918 deig
‘wwn) | juror julor ‘B3 |9SIAAINb3 | |enpisay | dsig | Bu@ |ledound | jediduug [ onseld |[eseleq | yoeid | NIOD Wvag N102 WNvag |[9pAd | peoq
UOI)IIIIP UMOp Am<or~m~.€ sa9joweed QUBULIONIdJ :T#ISAL, 'S dIqel,




99

2'€89 - 7'l c00 6010 - - 28’8 JARWA 00°0- 6980°0 18'G 0L'0< [€0-360°¢c- [ €0-ILV'6- | €0-360'Y | €0-39L°C €
G659 - 6l c00 9¢1L0 - - 28’8 €e0'L G.0°0- 9980°0 18°L €0-30€'v- | €0-362'6- | €0-380°v | €0-396°¢C ce L
6°'€C9 - L'C €00 cclo - - 28’8 17 7100~ 0980°0 7601 €0-30€°¢- | €0-318'9- | ¢0-3ES’L | CO-IAVY'L 1€
6'€.S | 20-38Y'S 8'¢C S0'0 G600 - - 00, ¢.0'8 710°0- 8900 MLl 0L'0< [€0-3LSy- [ €0-aLG'L- | €0-32S'¥ | CO-30L°) 0¢
v'LyS | 20-300°S v'e S0'0 L0L°0 - - 00, 789'8 61L0°0- 12900 69°¢cl €0-I¥6'c- | €0-3GL'8- | €0-3LY'¥ | €0-36G°S 6¢ ol
¢'00S | c0-3lLEY V' 100 8110 - - 00, 0886 820°0- 29900 €6°L1 €0-30€°L- | €0-329°2- | 20-39L°L | 20-3LG'L 8¢
Gg'/ev | 20-388'¢C 44 600 G800 - - 00'S 6086 9¢0°0- €.v0°0 10°LL 0L0 €0-399°¢- | ¢0-362°L- | €0-36S' | 20-38€"L yx4
1'90¥ | 20-3€9°¢C 0'S [A0] €010 - - 00'S 67901 €€0°0- 9G¥0°0 10°0C €0-398°¢- | ¢0-38S°L- | €0-329'v | 20-3.LE'L 9¢ 6
L'19¢ | 20-3Ll'¢ V. 91’0 6%71°0 - - 00'S €82'¢cl 8S0°0- gevoo 100¢ ¥0-396'v- | €0-360°¢- | €0-3¥0°9 | 20-38G°L [*14
6'89¢ | 2¢0-362°L 69 920 800 - - 00'¢ l47n4% 2S00 0¥20°0 18°.C 0L0 ¥0-308't- | €0-36S'v- | €0-3€G'S | €0-3.6°9 14
[V NA 74 ¢0-3.0°) 6L 0€0 ¢60°0 - - 00'¢ 088°¢cl ¥90°0- 0€20°0 VAN4AS €0-3Ly’L- | €0-3LL°€- | €0-360'Y | €0-3€9'8 €c 8
0°'e0c €0-3G1°L ¢olL 6€°0 AR 290 00S°¢C 00’¢ 10€91 ¢60°0- 80200 L'y ¥0-3€L°€- | 20-3489°L- | €0-360°C | €0-459°9 [44
[ouA 4% €0-389'% 6'8 160 9S00 [4%0) 100°¢C 00'¢ €9/, vl 9/0°0- 6L10°0 10°9¢ G00 €0-3€0°¢- | ¢0-36.L°L- | €0-3G6°C | €0-JEEV 1Z
cvel €0-3LL'Y €6 €90 190°0 ¥¢'0 810¢ 00'¢C €eL'sl 180°0- L1100 0L'L€ €0-392°¢- | ¢0-3LL°L- | €0-329°E | €0-3C6'V 0c L
S'v0lL €0-38¢°¢ 7’0l 650 0400 0c0 0€0'¢ 00'¢C 85191 ¥60°0- 20100 ql¢y €0-38¢'v- | ¢0-308°'L- | €0-368'v | €0-30€'V 6l
1’61 €0-38L°¢C 1’8 G9'0 .¥0°0 600 0cs'L oS’} 6.CvL G.0°0- €000 9¢'Ge c00 €0-3¥0°¢C- | ¢0-380°L- | €0-36¥°L | €0-399°¢E 8l
'89 €0-3Ir0°'C 6'8 890 0S0°0 800 90G°L oS’} 105Vl 8.0°0- 69000 €€°9¢ €0-35L°v- | €0-3€5'6- | €0-30L°E | €0-30€'V Ll 9
6'9G €0-316°L L6 €0 7900 600 G161 0s'L €eLal 880°0- €900°0 62'6€ €0-36.°¢C- | €0-3€€'8- | €0-3LG'C | €09V 9l
90 70-3€9'8 9L 98'0 Zv0°0 00 800°L 00’} 08¢l 790°0- 1€00°0 76°0€ 900'0 |€0-38€’L-|€0-38L°L-| €0-398°L | C0-ALV'L Gl
1'GE 70-380'6 8L 880 S¥0°0 100 910} 00’} €80°¢cl 190°0- 0€00°0 v.'le €0-38¢°L- | €0-3L¥'C- | €0-3S€’L | 20-3¥0°L vl ]
0’62 ¥0-326'8 0’8 260 1600 00 c00'L 00’} /61°¢€l 0.0°0- /2000 PASHAS ¥0-390°'6- | €0-36€'v- | #0-309°L | €0-300°S €l
6'lC ¥0-326'v 99 00’} (A0N0] 000 €920 S.'0 v.iLLL ¥S0°0- G100°0 96'9¢ #00°0 | ¥0-30€°9- | ¥0-3€2°8- | ¥0-38S°€ | €0-3ES'¥ Zl
'8l ¥0-322°S L9 101 200 000 99/.°0 S.'0 6S8°L1L G800 G100°0 09°.¢ ¥0-3,9'G- | €0-38C°L- | ¥0-3€€’E | €0-30S 'V L 14
9Vl ¥0-3.2°S 89 0L ¢s0'0 000 €82°0 GL0 c06'LL 9G0°0- €L00°0 (YAVX4 ¥0-3G1°G- | ¥O-IL¥'L- | ¥0-36S°C | €0-3L0°G 0l
66 ¥0-365°¢C 0'S el'l ¢v0'0 000 r45°10] 0S°0 8020l 9€0°0- G000°0 ,G°0C | dulMieH | ¥0-39.°€- | ¥0-3¢.°¢ | ¥0-30L°L | €0-38L°E 6
1’8 ¥0-399°C 0" Sl 00 000 G0S°0 0S°0 6.1°0L 9€0°0- ¥000°0 1G°0C ¥0-3ayL'e- | ¥0-366°L | ¥0-369°) | €0-Ilv'E 8 €
19 ¥0-3¢L°¢C L'S aL’l 1900 000 9050 050 9¢C 0l 1€0°0- ¥000°0 18°0¢C ¥0-398°¢- | ¥0-390°}L | ¥0-3¥S'C | €0-3.8°¢C L
7'e ¥0-362°L L'e vyl 500 000 JAZAN) G2co [A274°] 910°0- 00000 9¥'¢l | dullieH | $0-300°L- | ¥0-3SY'L- | G0-3LL6 | ¥0-3¥0°L 9
L' ¥0-3ve’L A% ev'l G500 000 6520 G20 96G6'8 L10°0- 00000 60°€l ¥0-3¥0°L- | ¥O-I¥S'L- | ¥0-3S0°L | ¥0-391°L S 4
6’1l Y0-3L¥L A% vl 800 000 8520 G20 96G6'8 L10°0- 00000 66°Cl ¥0-3€0°L- | ¥0-329°L- | ¥0-3LL'L | #0-35G9 14
80 G0-369'v L'l 06’} €00 000 €010 0L'0 1WA 900°0- 00000 90'L 000'0 |S0-328'S- | ¥0-3ASL°L- | S0-3LEe’S | ¥0-3G8°L €
S0 S0-3€0'V 8’1 06’} 900 000 Lo 0L'0 886G/ €90°0- 00000 L. G0-396°'G- | ¥O-I¥L'L- | S0-38L°'S | ¥0-3€6°L 4 l
€0 G0-392°9 6°l 69'L 9900 000 (019 0] 0L'0 1€9°L ,00°0- 00000 €9°L G0-3LL'9- | ¥0-3/L2'L- | S0-39€9 | ¥0-366°L l
(ur-) A y beg 1ay i (%) v |Capnsd)d| (Cypsd) °d 40) (d) (un) °3 °3 s3 s3
oney
ulens *14909 oney Buidweq | xepuj | sojoey ssang | ssanys juop ul | ulens ulens ulens uensg
ABisug | 1esys |yBuens [sseuyng [ snoosin | uuogeq | Aumong | oney | uoisusy | ‘dwoo |uonejoy| peoq | ypim | e1esouog | ejeuouon | jeeys 19918 deig
‘wwny | juop o ‘43 |9sia-ainb3 | jenpisey | dsia | wua |iedound (jediouud | onseld |resee | yoess | N109 | Wwvag | N109 | Wvag |epAo | peot

uonda.a1p dn Py J1°0) saojoweaed OUBULIONIDG €4 ISOL S°S dIqBL




9¢

€89 - €0 000 G09'0 - - 28’8 €8y 0000 18800 1A 0L'0< [€0-30C°L- | €0-35¢'8- | €0-ALC’S | €0-IV6'L | €€
G699 - 60 100 1820 - - 28’8 869V ¢00°0- G/80°0 29°¢ €0-3LEy- | €0-3¥6'9- | €0-3€S'8 | €0-3ISE’L 4% b
6'€29 - 9l 00 102’0 - - 8’8 18G9°G 10070~ /9800 659 €0-3€6°¢- | €0-318°L- | ¢0-360°L | ¢0-3.L0°} 5%
6'€LS - L'l €00 €91°0 - - 002 0S¢'9 900°0- 8900 61'9 0L'0< [¥0-3lC'6- [ €0-3L6°L- | €0-3¥0°L | €0-3¥L'6 | OF€
Y1vS - a4 00 6510 - - 00 €999 0L0°0- 8900 6.'8 €0-39/°L- | €0-365'8- | €0-3€C°S | €0-IY0°L | 6C 0l
¢'00S | co-3LeL A 900 2910 - - 002 0952 0200~ /9900 | sO'€l €0-36¢°L- | €0-3vE'6- | €0-350°9 | €0-38L°L | 8C
Gley | ¢0-al¥'L [ 800 8LL0 - - 00'S vv8°L L10°0- ¢Lv00 | ¢vel 0L'0 [ ¥0-320%- | ¢0-3LL°L- | €0-300°6 | ¢0-3vC'L yx4
1’90y | ¢0-3.¢€°) 8¢ 0L0 €10 - - 00'S LLV'8 Gc0'0- L9v0'0 | OV'SL 0-3¥8°G- | €0-3.9°L- | ¢0-3LZ°L | €0-366'8 | 9¢ 6
L'19¢ | 20-399°| L'S 710 16170 - - 00's ¥9¢°01 Sv0°0- w00 | ¢l'eC $0-3G.v- | €0-3¥S°L- | €0-32L°6 | ¢0-39G°L 14
6'89¢ | €0-360°L 09 9’0 8800 - - 00¢ 1601 810°0- 8€2¢0'0 | 8¥'¥e 0L'0 |[¥0-3pLe-[€0-3LL'9- | €0-398'S | €0-FZ9'L | ¢
0'Llve | €0-3LL°L (WA 0€0 ¥0L°0 - - 00'e Vil 090°0- 8¢C00 | 2.'8¢C ¥0-316°G- | ¢0-360°L- | ¢0-360°L | ¢0-390°} €C 8
0'€0C | €0-380°8 1’6 €0 9€L’0 60 006°}L 00'¢ S69°¢l 980°0- L0200 | ¢¥9e 0-31G°G- | €0-ILL'L- | €0-3L6'F | €0-30G°.L [44
€yl | €0-39¢'Y 88 1S90 G6e0'0 €0 €8’} 00¢ 89¥°¢l ¥80°0- 90100 | 809¢ G600 [€0-3.9°)- | ¢0-Jee'L- | €0-39L Y | €0-I28'€ (¥4
el | €032y ¥'6 090 0900 6L0 0€8’L 00¢C | Lg6€l 160°0- 00L0°0 | €£8¢ €0-39¢°¢- | ¢0-38%’'L- | €0-36€'S | €0-I8€€ | 0OC yA
S0l | €0-36C' Y col 99'0 ¢L00 0€'0 g8’ 00¢ L0971 L0L0- ¢6000 | OF'LY €0-3LL°e- | ¢0-3ee’L- | ¢0-A9L°L | €0-3LL'E | 6l
16 €0-3LL°¢ 68 9.0 900 91’0 L1} 0s'l Leel 980°0- 66000 | ¢¥9e ¢0'0 [ ¥0-39G°8- | €0-30S°G- | ¢0-A0¥°L | €0-35L°C | 8l
¥'89 €0-320°€¢ €6 6.0 1¥0°0 L0 Z8e’lL 0S'L 961'cl ¢60°0- ¢S000 | ¢6°LE G0-3.6°/- | €0-319°L- | ¢0-309°} | €0-3,99 | L) 9
6'9S €0-300°€ 9'6 280 G900 00 9/€’) 0s’L 199°¢l 960°0- 87000 | CL'6€ $0-3¢8°9- | €0-3€¥'9- | ¢0-39G°L | €0-FEY'E€ | 9l
9'0v €0-36.1°) L 60 700 L0 0¢6°0 00} €echL G90°0- #2000 | 0C'6¢C 9000 | ¥0-319°,- |1 €0-39¢€¢- | €0-3L89 | €0-3¢l'Cc | Gl
1 €0-3vL'L V. €6°0 800 910 G260 00} cov'LL 890°0- €200°0 | 90°0¢ $0-39¢€°¢- | ¥0-320°L- | €0-325'9 | ¢0-38Y'L 7l S
06¢C €0-3¢9°} 9L 960 $50°0 90 L1670 00'}b LIGLL 1200 02000 | vL'0E $0-322°C- | G0-3S0°L- | €0-38L'S | €0-3LS'L | €}
6'l¢ €0-3€0°} 09 [40n% Sv0°0 [AA0] 169°0 G0 62001 1G0°0- 11000 | ¢ceve ¥00°0 | ¥0-36L°L- | ¥0-3vLL- | €0-3.9°C | €0-399'C | ¢l
'8l ¥0-398°6 19 €0’ 800 (0] 169°0 G0 801°01 ¢s0°0- 11000 | 89'%¢ 90-39/2°8- | ¥0-360°8- | €0-38¥'C | €0-IcC'€ b 14
9l 0-38%°6 €9 90’} 9600 [4%0] G690 S0 €6¢°0L GG0'0- 60000 | 69°G¢C 60-300°¢- | ¥0-3.8'9- | €0-42¢’¢ | €0-35L°€ | Ol
6'6 0-3€L°G 'y Ll 800 100 Y910 050 86.'8 ¢€00- 0000 | ¢l'gl [®ulieH | ¥0-310°L- [ ¥0-3L€°€- | ¥0-3€0°9 | €0-ICC'L 6
1’8 ¥0-360°G 8% 142 600 600 s 0S0 cl8'8 €€0°0- ¢0000 | ce8lL ¥0-3G1°)L- | #0-309°¢- | ¥0-350°9 | €0-36¥°L 8 €
19 0-398'% 9Y 8Ll /900 800 Y9¥°0 0S0 06'8 Ge0°0- ¢0000 | €06l G0-318°G- | ¥0-39¢€°€- | ¥0-3€C'9 | €0-36C°) L
e Y0-3L¥'C x4 9C'L €900 S00 €20 Gco 099°L ¢l00- 00000 | vC'0lL |®ulllieH | G0-3E¥'8- | ¥0-368°L- | ¥0-3S0°L | ¥0-30LV 9
L'C $0-30¥°¢ G'¢ 0oc’L 0400 900 €€2C0 G20 V.G ¢L00- 00000 | LvOl G0-312°8- | ¥0-3L8°L- | ¥0-3S0°} | ¥0-3E6'Y S 4
6l ¥0-36€°C 9¢ qe'l 960°0 900 €€Co Gco 919, €100 00000 | 00l G0-38G°8- | ¥0-3¢6°L- | ¥0-380°L | ¥0-IAcv' ¥ 14
80 0-39¢°) €l 1G9°) 16070 €00 860°0 0L0 8LL"L €00°0- 00000 A4 0000 |S0-3¥S¥- | ¥O-IP¥’L- | SO-90°G | ¥0-309') €
S0 ¥0-3.C°) €l 09'L 010 €00 860°0 0Lo [AWA ¥00°0- 00000 Sv'a G0-3¢v'v- | ¥0-3S¥'L- | S0-30C°S | ¥0-38S°L 4 3
€0 $0-3€C°L ¥l 89l 010 €00 8600 010 VA4 WA ¥00°0- 00000 89'G G0-38S'v- | ¥0-38%'L- | G0-36E'S | ¥0-I9S'L 3
(ur-3) A Ay beg 1ay vl (%) [Capnsd)id| Capsd)ed | 4() (dry) () 3 3 s3 s3
oney
uens | yeon | opey | Buidweqg | xepu; | 1o0joeq ssang | sseug orur | uens ulens ulens ureng
ABioug | tesys |yBueng |ssouyns | snoosin | ‘wuogeq | Ammong | oney | uoisua) | ‘dwoy |uonejoy | peoq | wpim | esesouog | ejesouon | jeass 109)s da)s
‘wwny | uiop | juiop ‘43 |9sIA“AInb3 |[enpisey | ‘dsig | yua [redidung |jediduug | onselq |fesere | yoein | N100 | wvag | N109 | wwag |[e10h9 | peoq

uondaarp umop (3v° J1°0) s1jomeied OUBULIOND €4 ISOL, 9°S QB




LS

- - - - - - - 28’8 - - - - - - - - 4% b
- - - - - - - 28’8 - - - - - - - - 5%
- - - - - - - 002 - - - - - - - - - 0€
- - - - - - - 002 - - - - - - - - 6¢ 0l
- - - - - - - 002 - - - - - - - - 8¢
L0y - 0¢ 200 G170 - - 00°'s ¥90°GL 600°0- 0.¥0°0 | ¢6°'LL | OL'O< | €0-3¥9°G- | 20-3¢C’L- | ¢0-3L0°)L | €0-3¢0v | LC
goey | ¢O0-avlL’L (% 0L0 8¢lL'0 - - 00'S LvC'6l 100~ 1S¥0°0 | 2991 €0-3¥€°G- | ¢0-36L°L- | €0-3CL'8 | €0-IV0'Y | 9¢C 6
¢'98¢ | ¢0-3.0¢C gL 91’0 810 8Ll - 00's ¥98°¢C 6€0°0- LEY0'0 | €9°0€ ¢0-36¢°L- | €0-39%°¢- | ¢0-360°L | €0-I8G°9 | S¢C
9'6.¢ | ¢0-3CC’) [ 620 ¥80°0 L0 - 00¢ | ¢se6'le 8€0°0- €2¢¢00 | 6E£'6C 80'0 [ ¥0-3L€9-[€0-39¢L- | ¢0-30G°} | €0-386'9 | ¢
8'.v¢ | ¢0-390°L '8 €0 1600 6¢°0 - 00'e 90°€C 810°0- 0LCc00 | 68°¢€E €0-3/€°¢- | €0-3€¥'9- | €0-30L°y | €0-30€°9 | €¢C 8
,'S0¢ | €0-380°L 0Ll 810 0€L’0 (2 40] 000°¢ 00'¢ 8.9°G¢ G.0°0- 19100 | 69'Y%Y €0-3€G°¢- | €0-351'8- | €0-318'F | €0-36€E°G [44
0°/¢l | €0-35CY 86 090 2¢s0°0 600 L) 00¢ 90’ vC €90°0- G600'0 | L66E 70’0 [ €0-308°¢- | €0-30C'L- | €0-3¥8'S | €0-IAVY'y (¥4
€6l | €0-3v6'e €0l €90 9500 Lo yLLL 00C¢ | 0¢8¥e 8900~ 68000 | 8Ly €0-300°- | ¥0-3S€L- | €0-392°9 | €0-3ELY | OC yA
L'66 €0-3¢L°¢ VL 890 0200 710 147" 00¢ Gl66e 1100~ 18000 | vL'Gy €0-36¥°¢- | ¥0-365°¢- | €0-392°G | €0-IL¥'G | 61
el €0-380°¢ 96 L0 000 900 4 0s'l 8¥6'€C 190°0- 87000 | ¢8'8¢ 8000 | €0-360°¢- | ¥0-3€8'¢- | €0-AL¥'C | €0-350'G | 8L
0€9 €0-300°¢ 6'6 6.0 Sv0°0 00 ¢6e'L 0S'L 661°¥C $90°0- S¥000 | OL'Ov €0-36€°¢- | ¥0-30%'¢- | €0-36E'E | €0-309G | L) 9
7'LS €0-392°) col €80 6500 800 ¥8¢’)L 0s’L Clia74 890°0- 0000 | 69°Lv ¥0-31¥0°L- | S0-3LG'¢C- | €0-qLC’C | €0-3E¥'9 | 9l
L'S¢ 70-3L1°6 6L 96°0 9€0°0 200 658°0 00} ¢ce’ce Sv0'0- GL000 | ¥0Ce €000 | ¥0-3S¥'9- | ¥0-3LL°9- | €0-F6¥°L | €0-3E€€9 | GI
8'0¢ ¥0-359'8 08 96°0 6€0°0 200 1980 00} [A1 544 Sv0'0- 71000 | ¢v'ce 0-3¥€°G- | #0-38¢°L- | €0-3€S°L | €0-368°9 | Pl S
¥'6e $0-391°8 1’8 660 900 800 ¢s8'0 00'}b 1 A4 /00~ ¢lo0'0 | 80°'¢ce $0-362°9- | ¥0-391°6- | €0-309°} | €0-36L°L | €}
68l ¥0-3.G6°G g9 y0'L 9€0°0 00 ¥¥9°0 S0 691°L¢C 1€0°0- 90000 | GL'9¢ | °ullieH | ¥0-368'9- | ¥0-36€'8- | ¥0-480°L | €0-308'9 ¢l
6'GlL ¥0-309°G g9 S0’ 000 ¢00 990 G0 ¥81°1¢ ¢e0'0- 90000 | ¢€9¢ ¥0-329°9- | ¥0-38¢'8- | ¥0-3¢C’9 | €0-39.°9 b 14
gl 0-31G6°G 99 90’} 800 800 Lv9°0 S0 elele €€0°0- G000°0 | 9.9¢ y0-3L€°¢- | ¥O-IL¥'S- | ¥O-ACL'Y | €0-3¥99 | Ol
€8 $0-30¥°€ L'y 4 6€0°0 €00 €ev’o 050 | 0ss'6l 1100~ 1000°0 | 888l | ®ulueH | ¥0-368'¢C- | ¥0-3.¢L- | ¥0-30SC | €0-3V8'Y 6
L9 0-39¢€°€ 8Y 142 €v0°0 900 9eY’0 0s0 60861 810°0- 00000 LE61 ¥0-360°¢C- | ¥0-361°G- | ¥0-3G5°C | €0-30L'Y 8 €
6'v ¥0-36°¢ L'y 42 6500 S0°0 LEV'0 0S0 ¥6.'61 8100~ 00000 | 9¢'6L $0-38¢°L- | ¥0-3¢6°€- | ¥0-300°C | €0-IL LY L
*N4 0-3S.°) L'C 9C'L S¥0°0 200 ¥2¢0 Gco £€8'8l 900°0- 00000 | OO'LL 0000 |G0-3L9'9-|1S0-39¢°L- | ¥O-IE6'L | €0-IPE’L 9
61 y0-3vL'L L'C 0og’L €500 S00 0cco G20 | ¢e8'8l 900°0- 00000 | 960} G0-316°G- | §0-36L°¢C- | ¥0-356°L | €0-3LC'L S 4
€l ¥0-389°L 9¢ 0e’L 18070 00 912’0 Gco 08'81 900°0- 00000 | 9901 G0-388°G- | S0-36¢°6- | ¥0-390°C | €0-380°} 14
0 G0-319°9 'l 0e’L 8¥0°0 000 ¥60°0 0L0 6Lv'8lL 1000~ 00000 18V 0000 |SG0-38€¥- | S0-38€°6- | SO-I6¥'6 | ¥O-3.8'L €
€0 G0-39¥°9 A" se'l €600 200 160°0 0L0 6Lv'8lL 100°0- 00000 8’y 60-30¢°¢- | S0-31LG'6- | S0-30€'6 | ¥0-39L°L 4 3
1’0 G0-3.9°G A" 0oc’L $90°0 200 €600 0L'0 | 6L¥8lL 100°0- 00000 89y G0-3€0°¢- | S0-308'6- | G0-35€'6 | ¥0-3SS'L 3
(ur-3) A Ay beg 1ay vl (%) v [Capnsd)id| Capsd)od | 9() (dry) () 3 3 s3 s3
oney
uens | yeon | opey | Buidweqg | xepu; | 1o0joeq ssang | sseug orur | uens ulens ulens ureng
ABioug | tesys |yBueng |ssouyns | snoosin | ‘wuogeq | Ammong | oney | uoisua) | ‘dwoy |uonejoy | peoq | wpim | esesouog | ejesouon | jeass 109)s da)s
‘wwny | uiop | juiop ‘43 |9sIA“AInb3 |[enpisey | ‘dsig | yua [redidung |jediduug | onselq |fesere | yoein | N100 | wvag | N109 | wwag |[e10h9 | peoq

uondanp dn (v° Jsz:0) s1oometed QUBULIONId p# 1S9 L°S QR




8¢

- - - - - - - 288 - - - - - - - - € | 1
- - - - - - - 007, - - - - - - - - 62 | 0L
1oLy - 1'e 100 810 - - 00G | €6€€L | LLOO- | ¢Zv00 | €52L | 0L'0O< |€0-366°S- [€0-392°9- | 20-3€1'L [ €0-389C | Le
Ggoey |zoavee | g€ 800 6710 - - 00G | 8s8ZL | 1100- | 89v00 | LTl €0-318°G- [ €0-3¥9°6- | €0-3¢6°9 | c0-3c0v | 92 6
z68e [ zoaviL | 86 €10 8120 597 - 006 | 0900z | 2zo0- | svvo0 | 2s€z €0-3.5°¢- [ €0-388+- | z0-360°1 | €0-36L9 | S
96/ | €0-329S | 89 120 6300 6670 - 00€ | 84602 | 9800- | 96200 | ¢2Zz | 800 |€0-3cee [€0-Azeb- | €0-ApLy [ €0-3909 | ve
g/vz | e0-3cTs | 08 €0 2010 ¥8°0 - o0¢ | eesiz | Lv00- | szzoo | osze v0-3¢0°t- [ €0-362°1- | 203951 [ co-qn o | €2 8
160z | €0-3eLv | ol Gv'0 GYL°0 110 - 00¢ | vesez | 1200- | 90zo0 | €9up €0-328'8- [ €0-319°¢- | zo-3251 | c0-3208 | 22
0/¢L |eoAez | col 090 0500 vZ 0 008L | 00Z | S0S€Z | 0200 | ¥0L00 | OV'¥ | ¥00 |€0-308°6- [¥0-3G€2- | 20-3bLL [ €0-39b Y | 12
¢6LL | co362Z | L0L €90 €500 €20 86,1 | 00z | 616€c | 9200~ | 66000 | Svey 20-361°1- [ Go-366°6- | €0-3z9v | co-aev | o2 L
166 | €032z | L1 890 G900 120 vi8l | 00z | zezvz | sso0- | 26000 | €52 20-3/Z'}- | v0-30z°s- | €0-36vv | €o-3ce v | 61

V€L [ w03yl | 001 8.0 6500 Gl 0 2681 | 051 | 60z€c | 69000 | 95000 | ZZ0v | 8000 |€0-31€8-[€0-305}- | €0-30G} | 203zt | 81

09 |vo3erL | ol 080 900 810 06e’L | oL | zge€ | L200- | €s000 | 51 £0-3¢6'8- [ v0-3126- | €0-30¢L | €0-3c6C | 21 9
vis [ eoFerL | 2ol 80 9500 zLo osel | ogL | ze9ez | 2z00- | 6000 | L9€y €0-366'6- | ¥0-369°Z- | ¥0-395°6 | €0-av0c | 91

IS¢ |[vo3wrL | 8 90 G600 800 6680 | 00h | 21912 | 0S00- | 22000 | Ov'ee | €000 |€0-3G€e- [¥0-3992- | ¥0-300°¢ | €0-3z6'L | Gb

g0¢ |voawsL| €8 1670 1800 00 6680 | 001 | z.91e | 1s00- | Lzooo | igee €0-3/2Z- [ G0-328°2- | vo-asoe | co-ausz | vl g
vGz | w0392 | 98 00} £Y0°0 Lo v060 | 00k | 61812 | ¥S00- | 61000 | 62%€ €0-360Z- [ 0-369%- | v0-3L1°c | co-3sve | €1

68l |v03res | 89 90} €00 G500 1190 | G20 | 2590z | 9¢00- | 01000 | ¢2Z¢ |eumeH [€0-3iv'L- [¥0-3zze- | ¥0-366') | €0-32LL | 2b

66 |vo3ors | o2 801 1800 100 2890 | 20 | 1oz | 2€00- | oLo00 | se8e €0-38¢'}- [ G0-382°1- | v0-390Z | €0-3s22 | 11 v
6zL | vo-3ees VL oLl Gv0°0 G0°0 1190 | sz0 | gs20z | seoo- | 60000 | 9282 €0-3¢¢'}- [ €0-39z°¢- | v0-36L°Z | €0-3822 | 0L

€8 |voFece | 67F o'l 100 00 G0 | 050 | 1GE6L | 0200~ | €0000 | 6002 ¥0-369Z- [ €0-3€zc- | ¥0-F6S L [ €0TerL | 6

19 |vo3aee| 06 L 1700 100 vsv’0 | og0 | g6c6L | 1zo0- | €ooo0 | L¥OZ v0-3,92- [ e0-3s8°Z- | v0-3r9L [ 03991 [ 8 €
6v | v0-39z¢ LG 8Ll G500 500 vGv'0 | 050 | 6ev6L | 2200- | 20000 | €802 v0-381' - [ €0-30¢Z- | v0-32L) [ 03041 | 2

Gz w03l | 8T zel vv0°0 - 9220 | SZ0 | 16681 | 2000 - 6v'LL | 0000 |v0-3Ge'€-|¥0-3.0Z- | S0-3626 | vO-I6EG | 9

61 |vo39rL | 6¢ el 6v0°0 - 6220 | Sz0 | 16681 | 2000 - SLLL v0-30t°¢- [ v0-321z- | Go-36e6 | vo-aseS | © z
¢l | v0-359'1 1e 8el 9900 - 1620 | szo | w98l | 8000 - 5T v0-361°¢- [ v0-3szZ- | S0-3z6'6 | vO-IVYS [ ¥
TEECEI D 191 €700 - 2600 | 0L'0 | 09€8L | 2000 - G/'G | 0000 |v0-3vEL-|v0-30vL-| G0-3G6°€ | 0TS | ¢

€0 |so3Lro | ¥l €9l 900 - €600 | 010 | 09e8L | 2000 - 698G ¥0-39¢'}- [ 032y 1- | so-300v | vo-Fes L | ¢ L
NI EECZAEED 6ol 1500 - ¥600 | 0L0 | €81 | 2000 - 66'G v0-3L¥L- [ ¥0-36K'L- | S0-360% | vo-FesL | 1

(ur-x) A Wy bogy 1ay il (%) v |Capnsd)d| Capsd)od [ 4() (i) (un) %3 3 $3 s3

oney
ulens 'JJoo) oney Buidweq xapuj lojoe4 ssalg ssalg julor ul | urens ulens urens ulens
ABiauz Jeays | yibuang [ssaupyns | snoossip | rwuoyaqg | Ammpong | oney | uoisual | ‘dwon |uonejoy| peod yIpiMm | @1910u09 | 93819U09 19918 19918 doys
‘wwng | julor jutor '#3  |9SIA"AInb3 [enpisay | "dsig | yua [lediduud |lediound | onseld [ressieq | woeid [ NT09 | Wvag | N109 | wvag |a19h9 | peoq
UOT)IIIP UMOP Aﬁ\ﬁmmdv s1ojoweaed QUBULIONd] :p# ISAL §°S dqeL




6S

690/ - ¥ 00 901°0 - - 288 | 9vv'9 | 2100- | 2980°0 | 006 | 020< |€0-30'F - €0-35t°¢ | 20-359'L | e¢
1.9 - 1T ¥0°0 €010 - - 288 | 2969 | 9100- | €680°0 | 1901 €0-arL€- - €0-30L% | 203591 | z¢ L
1629 - X3 900 GL10 - - 288 | 8898 | 0200- | ¥¥80°0 | €9°¢€l €0-32¥'}- - €0-36.¢ | 203591 | 1€
9°0.G - v'e 100 2600 - - 002 | 6298 | 0z00- [ 29900 | tz€l | 020< [+0-328°9- - €0-3¢6'8 | ¢0-3LLL | o€
TS - 6°¢ 80°0 0010 - - 002 | 806 | Sz00- | 95900 | StSl €0-30%'Z- - €0-3056 | €0-3806 | 62 | OL
0’88y | c0-39LC v'G ) €210 - - 002 | €901L | 6£00- | 1¥900 | 6172 ¥0-3€9°}- | €0-366'C- | €0-3¥6'9 | €0-389F | 82
6607 | 20399} 1'G G0 180°0 - - 00G | 1060k | 2£00- | 2v¥00 | 2€02 | 020< [¥0-38°C [€0-365G- | €0-308°G | €0-3cLv | 22
9. | z0-396°) 1’9 810 G600 - - 006 | €61k | sv00- | 1ev00 | vLez ¥0-39.°v- | €0-32G'2- | €0-362°G | €0-369°¢ | 92 6
z9ze | zo-396°) 06 G20 orLo - - 006 | gzsL | 8200 | 10v00 | 9gGE €0-3/6'1- | €0-366°Z- | €0-3eve | €0-30e2 | G2
Z'see | zo-3sz) Z8 0r'0 8500 - - 00¢ | ¥9z¥L | 0200- | 20200 | 1zze | 0z0 [€0-3zv'L- [v0-Iz6'8- | €0-36¥C | €0-A8v2 | ¥2
zioz | zo-390) 1’6 7’0 6900 - - oo¢ | e6LGL | 0800- | 96100 | S9°GE €0-3/€°}- | €0-31e- | eo-3ize | €oALT | €2 8
691 [€o-30L9 | L1 €50 9600 820 oorz | ooe | sszzL | 9o0L0- | 9100 | 19 €0-368°}- | €0-31v'L- | €0-32Lz | co-AscT | <2
1211 | €0-388€ Z6 190 Zv0°0 100 86v'L | 00Z | v28¥L | #80°0- | S6000 | S0'9¢ [ G200 [€0-30C [v0-ArE's- | €0-316L [ €0-Avz | 12
L¥0L | €0-3r9€ g6 690 0500 600 €05t | ooz | veLsk | 8800 | z6000 | L€7i€ €0-35¢°Z- | €0-310'}- | €0-3€L'L | €0-39¢T | 02 L
1’88 [eoapee | zol G0 1600 010 g6l | ooz | zvesl | 2600- | ¥800°0 | 60°0F €0-36v'2- | €0-31v'L- | €0-366'L | €0-TLLT | 61

189 [ €0-382C Z8 6.0 0v0°0 G500 vziL [ 05L | esvel | €200- | 26000 | 602¢ | 0200 [€0-32h2- [€0-38¢h- [ €0-36+L [ €0-359'L | 81

609 |[eo39z2 €8 180 v70°0 G0°0 Gell [ osh | gesel | Gz00- | gso00 | g9zE €0-3vL'Z- | €0-352'1- | €o-FevL | €0-389°L | 2V 9
€15 [ eo3aszz €6 060 6500 90°0 ockL | 05t | sigvL | 8800- | sv000 | 89 €0-329°Z- | €0-32z'Z- | €0-389'6 | €0-328'L | 91

[ EEE 89 00’} 0v0°0 200 67,0 [ 00b | Gi8'LL | 6500- [ zeoo0 | €69z | 8000 [€0-3827L- [€0-311 71| €0-329'9 | €0-30¢°L | S)

1ze | o307t 0L L0} G¥0°0 100 €620 |00 | v06'LL | 0900- | tzooo | ov'iz €0-3/8°}- | €0-320')- | €0-308°L | 0Tzt | vb g
Glz |eo-3s0) z. 90'} €500 200 0520 |00 | 960zL | €900- | 81000 | 1z'82 €0-3¢9'}- | €0-32G')- | €0-322°Z | 0-35¢eL | €

iz | v0-32e9 'S 0Ll €700 100 /960 | G20 | 0290k | Sv00- | 0L00O | 9¥'cc | ¥000 [¥0-3.G5°9- [€0-3¥i'L-| €0-326L [ €0-380°L | <l

1’8l | ¥0-305°9 09 el 900 100 G850 | sz0 | o0l | 6v00- | 60000 | 89€zZ ¥0-366°'G- | €0-361°1- | €0-32kZ | co-TzL L | 1) ¥
vyl | ¥0-3K6'S 09 11 1800 200 €960 | 620 | 12801 | 6v00- | 20000 | 8¢z ¥0-390°6- | £0-36G'}- | €0-396'} | €0-30L°L [ 0OF

1'0L | v0-300°€ Y €Tl 2500 000 Gie0 [ oso | 6¥z6 | 6200- | zooo0 | 859k | 000 [+0-319°Z-[€0-IwsL-|co-3€z)L [ ¥0-TL L] 6

€8 | v0-366C 34 VTl ¥50°0 000 1/€0 | 050 | 806 | 6200- | L0000 | 68791 ¥0-3¢2°9- | €0-366'}- | €0-3¥Z'L | ¥0-3SLL [ 8 )
€9 | v0-320°€ vy 17l 2.00 000 £1£0 | 050 | z6e6 | 0£00- | 10000 | €0°LL v0-3ve - | €o-3eLe- | 0T | vo-ALv L | L

o¢ [ v0-362T1 [ Grl 0,00 000 /810 [ G20 | tzeZ | zLo0- | 00000 | G26 | 0000 [s0-3£¢-[€0-329z- [ v0-319°G [ v0-3s9¢ | 9

6C | 03671 9C a2 1200 000 2610 | G20 | 662 | zL00- | 00000 | €L0L G0-359°¢- | €0-399°Z- | ¥0-322°6 | v0-309€ | ¢ z
bz | v0-39¢°L ¥4 arl 180°0 000 6810 | G20 | 1s62 | zL00- [ 00000 | 98°6 G0-36+v- | €0-3Lee- | vo-Fov's | vo-Fzze | v

R EEER zl 691 0110 000 1200 [ 010 | evez | €000- | 00000 | S9F% [ 0000 [S0-310°8-[€0-31072- | +0-385Z | ¥0-3¢9L | €

01 | G0-3ar0L el WL 2010 000 €800 | 0b0 | zzzz | €o000- | 00000 | €LS G0-366'2- | €0-3¢6'L- | ¥0-318C | vo-avLL | 2 L
g0 |[vo3is) 9C Wl ¥90°0 000 9020 | 0L0 | vzog | €L00- | 00000 | s€OL G0-3¥2'G- | ¥0-3v9'L- | ¥0-3e5s | v0-36Le | 1

(u-) A Ay beg Iay i (%) v |Capnsd)d|Capsd)ed [ 9() (dry) (un) °3 3 s3 s3

oney
ulel}g ‘909 oney Buidweq xapuj ssals ssal)g julof ul | urens ules}g ulens ulesg

ABiauz 1eays | yibuang |ssauynsg | snossip | wuoyeq onjey | uoisua) | ‘dwon [uonejoy| peon YIpIM | @1819u09 | 3j210U0) 19918 19918 days
‘wwn) | julop o ‘W3 [9sIA "AInb3 | [enpisay Bua |rediound | fedidulg | onseld | eseje [ yoeid [ N109 Wv3g N109 Wv3g |8oko | peoq

uondaa1p dn (3v° J1°0) s1ajoweaed dUBWLIONIJ :SH# IO 6°S dqEL




09

690/ - vl 200 8910 - - z88 | €909 | s000- | 12600 | O¥'S | 0Z0< - - €0-35e’G | z0-3s9'L | ee
Z1L9 - 9l €00 €10 - - z88 | 2609 | 9000- | e9800 | ie9 - - €0-309% [ 20359 [ 2€ | 11
1629 - vz 00 8910 - - z88 | 805z | €100~ | 5800 | sv6 - - €0-ar69 | zo-3s9'L | 1€
90/5 |z0-366C | <¢ 500 8¢1°0 - - 00L | 126L | 6000- | ¢Z900 | ¥8'8 | 020< - - €0-3859 [ 203591 | o¢

Zves | 20389z | 8T 900 10 - - 00, | ¢6€8 | v100- | 9900 | 2bLL - - €0-3188 [ 20-359L | 62 | OL
ossy |zo3erL | OF 600 6910 - - 00, | 6256 | S200- | 25900 | ¥Z'Sl - - z0-3104 [ zo-av9'L | sz
6607 | 20Jerl | OF zLo G010 - - 00G | 9¢8'8 | 2200- | LS¥00 | 82GL | 0Z0< - €0-316°1- | €0-386'8 | zo-FWEL | 22
ovie |zoaeL | 8v GlL0 6110 - - 006G | €096 | 9800- | ovv00 | 806l - €0-320'v- | 20-390'L | 20321 | 92 6
zoze [zoa9LL | 69 120 1110 - - 006G | €29tk | 1900- | awvo0 | s iz - £0-309°G- | zo-301°} | €0-3s89 | S
zGee | e03elT | <l 10 1900 - - 00€ | 0¢8LL | ¥90°0- | 80200 | 282 | 020 |€0-3197C [€0-3GLC- [ 20-369'L [ €0-355°L | ve
z10z | eo-asvre | 62 Zvo 0800 - - 00¢ | esszk | v.00- | e6L00 | 9Lie €0-3Lv'¢- [ e0-3¢6°1- | 20-359°) | co-36vL | €2 8
169, | co-36€v [ v6 60 €110 120 008} | ooe | v8eelL | g600- | 82100 | 0zz€ €0-3cce- [ €0-3€5°s- | z0-359'1 | €0-399'1 | 22

V2Ll [co3162 | 978 190 Gv0°0 1£0 999'L | 00Z | z¢6cl | S80°0- | 68000 | €6€€ | G200 |€0-3€9¢- [€0-3G¥ - | €0-30€Z | €0-352 | 12

L'v0L | €0-3962 | v'6 120 0500 z€0 v0r1 | 00z | 009l | g6000- | 98000 | 6279¢ €0-389°¢- [ €0-366°1- | €0-a1zZ | c0-q01 2 | 02 L
1’88 [ co-368C | 16 9,0 0900 120 €99l | 00z | 6e6€l | ooLo- | 92000 | vz8e €0-325°G- [ €0-398°L- | €0-av2L | €0-38¥'L | 61

189 [e0-F0z | 08 €870 0v0°0 610 GGzl | 061 | epecl | 8200 | 8¥000 | 85'LE | 0200 |[€0-316+ [€0-3v8L- | €0-39v'L | ¥0-IvES | 81

609 | €0-3.6'1 18 ¥8°0 Sv0°0 110 ovzL | 0L | zoezh | 6200 | 9vo00 | 8sLe €0-306't- | €0-3¢8’L- | €0-388L | vo-AVT L | L1 9
€15 [eoa0z | 98 880 0900 020 00cL | osL | 9e6zL | 8800- | sv000 | ogve €0-309°G- [ €0-328'1- | €0-385°Z | v0-3958 | 91

vie [e0Fol | 29 90 Gv0°0 710 GES'0 | 00L | ev¥OL | SS00- | L2000 | 6€%2 | 8000 |€0-3€9¢- [€0-avz L~ | €0-39'L | ¥0-Fz€v | Gb

Lrze |eoa0L | €9 860 6v0°0 z10 6e80 | 0oL | vs0L | 2500 | 61000 | S6¥2 €0-3¢t'z- [ c0-36¢L- | €0-3Ew L | vO-Tery | L g
Gz |vo-3s66 | &9 10l 1500 zL0 6€80 | 00k | 6020L | 6s00- | 21000 | 8962 €031} [€0-321Z- | €0-39¢L | vo-asL v | €1

Zlz | w0389 1'G 1071 6700 N0 ¥290 | G20 | GS¥'6 | L¥00- | 0L000 | 200z | ¥000 |v0-398°€-[€0-308}- | €0-310°} | vO-F0Lv | 2t

18l | w0300 | TS 10} 9500 010 1290 | s20 | vvs6 | evo0- | 80000 | 0T v0-36¢v- | €0-326°2- | ¥0-3926 | v0-360G | 11 v
vyl | vo39L9 | €6 oLl ¥90°0 210 1290 | sz0 | 2996 | wwoo- | o000 | v6°0Z v0-3vZ'9- [ €0-3¥8°Z- | v0-326'8 | v0-30L°L | 0L

10l [ vo-309€ | € o'l 8500 600 LIV0 | 050 | €68 | S200- | 20000 | 08¥L | 000 |¥0-3.9%-|€0-368Z | ¥0-3EL Y | vO-IWZ9 | 6

g8 |voFeLe| s8¢ 8Ll 2900 900 4v0 [ og0 | eers | szoo- | 10000 | 961 v0-315v- [ e0-avee- | vo-avoy | vo-aszo [ 8 g
€9 |v0-3c9e | 6¢ 2L 8100 100 ezv’0 | 050 | gsg8 | Leoo- | Loooo | v9GL v0-3LLv- | €0-321's- | vo-3see | vo-Fero | 2

9¢ [voFwL | c¢¢ Vel 8100 900 Zlz0 | G20 | veyZ | 0L00- | 00000 | 298 | 0000 |S0-328°9-|€0-3sz+- | ¥0-390°€ | vO-3Sve | 9

6z |vo3é6LL | TT 6el 1800 100 6020 | 6z0 | sorz | owoo- | ooooo | z98 G0-39¢°8- [ €0-3Lct- | v0-3esT | vo-ALce | © z
vz | w030 | ee Wl 0600 100 6020 | 620 | 6v¥Z | 0L00- | 00000 | €878 v0-3LLL- [e0-avL v | vo-388L | vo-3eLe [ ¥
REEE T vl 7210 00 2600 | 0L0 | 2007 | 2¢000- | 00000 | 00% | 0000 |GO-38€Z-|€0-3evz-|S0-3GL6 |voTekz | ¢

0L |g0399z| 01 vl o0 00 0600 | 0L0 | 1202z | zooo- | ooooo | s8¢ G0-30LZ- [ e0-3sez- | vo-3er L | vo-3L0z | ¢ L
80 |g0-3099 | 91 151 G/1°0 500 gel'o [ oo | v8vZ | 9o00- | ooooo | vv9 G0-3.1'8- [€0-31Lz- | v0-399°) | vo-asz | 1

(ur-¥) A Wy bogy 1ay il (%) v |Capnsd)d| Capsd)od [ 4() (i) (un) %3 3 $3 s3

oney
ulens oo oney Buidweq xapuj lojoe4 ssalg ssalg julop ul | urens ulens ulens ulens

ABiauz Jeays | yibuang [ssaupyns | snoossip | rwuoyaqg | Aypong | oney | uoisual | ‘dwoo |uonejoy| peoq YyIpim | @1910u09 | 93819U09 19918 19918 doys
‘wwng | julor jutor ‘#3  |9sIA"AInb3 [enpisey | -dsig | yua [lediduud |fediound | onseld [ressieq | woeid [ NT09 | Wvas | N109 | wvag |e19h9 | peoq

uondaap umop 3y J1°0) s1owered duruLIOpdg SH#ISL (O1°S dqEL




- - - - - - - 28’8 - - - - - - - - 4% b
- - - - - - - 28’8 - - - - - - - - 5%
026G | ¢0-35€9 [ 900 980°0 - - 002 L18¢L ¢l00- €990°0 [ v¥'¢l | 0€°0< | €0-3959°9- | €0-3¢8'¢C- | €0-I¢9'SG | 0-F6¥'L 0€
099G | 2¢0-319°¢ 8¢ .00 ecl’o - - 00 esrel 9100~ 96900 | 8%l €0-3lv'v- | €0-3SL°G- | ¢0-A0¥°L | €0-I¢€'8 | 6¢C 0l
6'0LS | 20-350°€ A 0L'o 8cl'0 - - 00L | #8599l G200~ 6€90°0 | ¥¥'0C €0-3¢¢'v- | €0-3ly'c- | ¢0-36S°L | €0-3EL'8 | 8C
¢eey | ¢0-3Acv'¢ 6'v €0 €800 - - 00's ¥9L°GlL €200~ €vy0'0 | 9261 0€'0 [€0-3¢C’G- | €0-36.°L- | ¢0-30€°L | ¢0-ALY'L yx4
6'86€ | ¢0-3avC'C 8'S 910 10L°0 - - 00'S 0sv'9L ¢e0'0- LEY0'0 | 08'¢C €0-36¥'v- | 0-3L9°L- | ¢0-32S°L | ¢0-3EC’ L 9¢ 6
y'6ve | ¢0-36S9°L 68 €¢0 G1°0 790 - 00's GG6'8l ¥90°0- 86€0°0 16°7E €0-3¥¢'8- | ¢0-3¥9°L- | ¢0-AS¥°L | 20-3S0°} 14
Yoy | €0-3€6'8 08 9¢'0 1900 00 - 00¢ | 08L'8l ¥50°0- 60200 | vS'lE 0L'0 [20-3€0°L- |20t L-| €0-39L°} | €036 | ¢
0€lec | €0-319°8 06 3 40] 2800 [AA0] - 00'e 116'81L G90°0- 16100 | €€'6¢ ¢0-3/0°}- | ¢0-3¢c’L- | €0-98G8 | €0-IEV'L | €¢C 8
091 | €0-3¥S9 el ¢s0 S0L'0 Geo 00€’¢ 00'¢ GL.0¢C ¥60°0- €9100 | 6EvY €0-38/2°L- | ¢0-30¢€L- | €0-3S¥°L | €0-316°8 [44
¥LLL | €0-39¢°¢€ 96 790 L¥0°0 Lo 919') 00¢ Sv0'6l €.0°0- /8000 | ¥S'.€ ¢0'0 [ €0-300°¢- | €0-385°L- | €0-306°L | ¢0-320'} (¥4
¢'c0lL | €0-3CLe 8'6 190 0S0°0 L0 Lol 00C | veeel 1,00~ 8000 | 658€ €0-3G9°L- | €0-388'9- | €0-396'} | €0-3.6'G | 0OC yA
668 €0-3599°¢ L0l €L0 0900 S0 609°L 00¢ 1626} 880°0- €000 | 96'Lv €0-39G°L- | €0-3L¢'9- | €0-36€°L | ¢0-I8E"L 6l
€9 €0-3vL’) L8 6.0 000 .00 602’1 0s'l 0cl'8lL €90°0- /¥00'0 | 86°¢€E 10’0 | €0-3.0°}L- | €0-3.2¢°S- | ¥0-3L6'6 | €0-IS¥'8 | 8l
G'6S €0-389°L 6'8 080 €v0°0 800 (At 0S'L 69281 1900~ 000 | 00°SE €0-3L1°L- | €0-396°'S- | ¥0-396'6 | O-3L0'L | L) 9
8'Sv €0-36G°} 9'6 /80 1800 Lo AV’ 0s’L €868l G.0°0- 9€00'0 | €9°.¢€ €0-39€°L- | €0-309'8- | ¥0-386°6 | ¢O-ILL'L 9l
1¢e 0-3€€°8 L 160 9€0°0 00 1180 00} 19891 L¥0°0- GL00'0 | 0C'8C ¥00'0 | ¥0-3¢0°6- | €0-3G8'S- | #0385V | €0-3¢8'G | Gl
8'/¢ ¥0-31C'8 €L 66°0 8¢0°0 700 808°0 00} cle9l 8¥0'0- 71000 | L9'8¢C 0-381°6- | €0-398°G- | ¥0-AZL'¥ | €0-30L°G | Pl S
(%4 $0-3¥0°8 8. 0L 900 S00 0280 00'}b 9L/l ¥50°0- 01000 | 09'0¢ $0-3€9'8- | €0-36€'9- | ¥0-3€8'V | €0-359G | €}
691 ¥0-380°G 6'S 80'L 9€0°0 000 G090 G0 ¢60°91 ¥€0°0- 0000 | 9€°€C €000 | ¥0-3¥6'8- | €0-3E0°'¥- | ¥0-398°C | €0-366'6 ¢l
£yl 0-381°G 19 60°}L 8€0°0 000 0190 G0 €191 Ge0'0- 0000 16°€C ¥0-3¢6°8- | €0-399°G- | ¥0-3.€°C | €0-398°C b 14
a1’ 0-3G1°G 29 Ll L¥0°0 000 6090 S0 cclol 9€0'0- 20000 | LZ've $0-316°L- | €0-399'9- | ¥0-3G0°C | €0-IV6°L 0l
L'l 0-310°€ 84 9Ll Ge0'0 000 6010 0S50 | cogst 6100~ 00000 | 90°LL |[®ulldieH [ #0-3E¥'G- | €0-3SEV- | ¥0-3GL°L | €0-IPL'L 6
€9 ¥0-366°C 1A% L) 000 000 L0¥°0 0s0 9l€'GL 6100~ 00000 | ZL°ZL €0-3¢6°G- | €0-399°¢- | ¥0-3€L'C | €0-30L°€ 8 €
6'v ¥0-356°¢C 1A% 8Ll €900 000 80%°0 0S0 18¢°GlL 6100~ 00000 VgLl 0-318°¢- | €0-3,9°¢- | ¥0-3€L'C | €0-39€°L L
*N4 ¥0-35¢°) 144 T 800 000 0lc0 Gco ya8'vlL 900°0- 00000 8y'6 | dululeH | G0-3v.L'L- | ¥0-39¢€°L- | ¥0-JEEL | ¥O-IEV'9 9
0¢ $0-36¢C°L G¢ 8C'lL 500 000 8020 G20 | vievl 9000~ 00000 09'6 G0-381°9- | ¥0-3€€'9- | ¥0-36C°} | ¥O-ILL'S S 4
vl 0-381°1 144 9l G900 000 80¢°0 Gco yie'vl 900°0- 00000 A4 G0-300°9- | ¥0-309°¢- | ¥0-39¢C°L | ¥0-3.9Y 14
L0 G0-3¢6°¢ 0l 0c’l ¥80°0 000 0600 0L0 6E8'7L 1000~ 00000 68°¢ 0000 |S0-360°S- | ¥0-36€°L- | ¥0-320°L | ¥0-3¥0°C €
90 G0-3¢e’e 60 6L°L ¥60°0 000 980°0 0L0 698'v1 100°0- 00000 L€ G0-3¢8'v- | ¥0-36€°L- | ¥0-390°L | ¥0-366°L 4 3
¥0 $0-30¢€°}L 60 XA 6€0°0 000 9120 0L'0 | ¥88¥l 100°0- 00000 9.6 G0-320°L- | ¥0-3LL'¢- | G0-3€L'6 | ¥O-I8Y'Y 3
(ur-3) A Ay beg 1ay vl (%) v [Capnsd)id| Capsd)od | 9() (dry) () 3 3 s3 s3
oney
uens | yeon | opey | Buidweqg | xepu; | 1o0joeq ssang | sseug orur | uens ulens ulens ureng
ABioug | tesys |yBueng |ssouyns | snoosin | ‘wuogeq | Ammong | oney | uoisua) | ‘dwoy |uonejoy | peoq | wpim | esesouog | ejesouon | jeass 109)s da)s
‘wwny | uiop | juiop ‘43 |9sIA“AInb3 |[enpisey | ‘dsig | yua [redidung |jediduug | onselq |fesere | yoein | N100 | wvag | N109 | wwag |[e10h9 | peoq

uondaaip dn (*v° Jsz0) si9oueied IUBULIOLID :9# 1S9 [I'S dqeL




9

- - - - - - ~ [e8 | - - - - - - - - - £e
- - - - - - - 28’8 - - - - - - - - ce L
- - - - - - - ¢8'8 - - - - - - - - 1€

0',6S - 9’ €00 7679799170 - - 00’2 cslLL €00°0- €890°0 059 0€'0< |[€0-3€5’L- | €0-3GS°C- | €0-3¥8'8 | ¢0-3.S') o€
069G | 2¢0-380°¢C €'e S0'0 [SrAN0] - - 00, 790°¢cl cLo0- GS.0°0 A" €0-300°2- | ¢0-39¢’L- | ¢0-3sy'L | 20-ALY'L 6¢ ol
6°'0LG | ¢0-3ce'C A4 800 9610 - - 002 10€91 L10°0- 7S90°0 6991 ¢0-3€0°L- | €0-3¢€'8- | ¢0-36S°L | 20-3VS'L 8¢
2'eey | ¢0-368°L L'y [A0] L0L°0 - - 00'S 18191 910°0- 9S¥0°0 7191 0€0 ¢0-3lZ’'L- | €0-IE€L’e- | 2¢0-36S°L | €0-3S0°9 yX4
6°86¢ [4{0= 178" 2'S €10 €LLo - - 00'S e8c'LL ¥20°0- S¥v00 Zvoc ¢0-3/1°L- | 2¢0-30€°L- | 20-3L¥'L | 20-3sE’L 9¢ 6
v'6ve 03191 L'l 020 8/1°0 ve'C - 00'S 8¥1°0¢ S¥0°0- 02v0°0 Lo €0-3.¢°L- | ¢0-309°L- | 20-32S°} | €0-398'S [*14
¥'0vC | €0-389'8 6L €0 6900 ¥8°0 - 00'¢ GL.0¢ 9%0°0- €120°0 €0'Le 0L0 €0-39%'6- | €0-32S'v- | €0-3¥S'C | €0-3SY'E 14
o¢le €0-379'8 1’8 8€°0 ¥80°0 1.0 - 00'¢ Gog'L¢C ¥S0°0- ¥020°0 LEVE ¢0-360°'L- | €0-30LV- | €0-326°C | €0-3lS°E €c 8
091 €0-316°L L0l 910 0LL0 890 00.°L 00’¢ 6.G°€C .00 €810°0 c0cy €0-3.6'9- | €0-3GLv- | €0-30€°G | €0-948C°¢E [44
Vil €0-39¢'Y 86 90 9100 ¥Z0 6.9°1 00'¢ ¥29'¢c 990°0- 06000 798¢ c0'0 €0-382°¢- | €0-3486'v- | €0-361°C | €0-309°L 1Z
¢'col €03y €0l 190 .¥0°0 44 891 00'¢C 120°'ee 1200~ G800°0 €9°0v €0-3/6'¢- | €0-3€6'8- | €0-30L°}L | ¢O0-3LY'L 0c L
6'G8 €0-368'¢ oLl 120 6500 SL'0 V.91 00'¢C 809°'¢cc 8.0°0- 8000 clL'ey €0-39G°¢- | ¢0-38C°L- | €0-3ave’L | CcO-ILY'L 6l
€9 €0-319°¢ '6 180 €00 10 65’1 oS’} vvlle 290°0- S¥00°0 18°9¢€ 100 €0-36¢°L- | €0-3L8'L- | ¥0-3EY'8 | €0-IEY' L 8l
G'G8 €0-39%°¢ 96 €80 0¥0°0 (0] 19¢°1L oS’} 806°L¢C G90°0- €¥00°0 68°LE €0-36¢°L- | €0-36L°L- | ¥0-36.°'8 | €0-3L6°L Ll 9
8’y €0-38¢€¢ 0ol /180 GS0°0 91’0 pATAN 0s'L /80°¢¢c 690°0- 6€00°0 Zl'6g €0-30€'L- | €0-309°'L- | ¥0-3¥E'6 | €0-356'8 9l
1'ce €0-361°1 V. 960 Ge0o [A0] 6€8°0 00’} cevel €¥0°'0- 21000 oL'6¢ #00'0 | €0-360°L- | €0-39C°L- | ¥0-3vL¥ | €0-3GL°C Gl
8',C €0-381L°L Gl 160 €00 600 0¥80 00’} c6v6l ¥¥0°0- 91000 Lv'6C €0-3LL°L- | €0-388°¢C- | ¥0-IVL'v | €0-368°L vl ]
1'ec €0-3€L’L Ll 660 8%70°0 0L'0 0¥80 00’} 16661 9%0°0- G100°0 (XA €0-390°L- | €0-36¥'L- | ¥0-ILL'Vv | €0-3.E°€E €l
691 ¥0-38€°9 09 S0’} Ge00 600 6290 S.'0 oclL'sl 1€0°0- /0000 9/'¢€C €00'0 | ¥0-38¢°6- | €0-36S°L- | ¥0-369°C | 20-3€S°L Zl
eyl ¥0-30%'9 1’9 90’} €00 900 2€9°0 S.'0 08L'8l 2e0°0- /0000 gy ¥0-3¥y'6- | €0-389°L- | ¥0-3LLC | €0-3LL°E L 14
Vil ¥0-3L1°9 €9 L0°L Lv0°0 0oL0 c€9'0 GL0 oLc8l €€0°0- 90000 VASH 74 ¥0-30L°6- | ¥0-3¥9°L- | ¥0-3SL°C | C0-3.L€E'L 0l
Ll ¥0-32¥'€ €Y 4% 9€0°0 900 [4440] 0S°0 €991 L10°0- ¢000°0 L0°LL | dullieH [ #0-3.¢°9- | ¥0-305°6- | ¥0-38S°L | €0-3LL'€ 6
€9 ¥0-3L¥'E vy el’l 0100 900 *T470] 0S°0 80891 8100 ¢000°0 yASWA% ¥0-3¥9°G- | ¥0-3€0°6- | ¥O-3EY'L | €0-I6L°V 8 €
6’ ¥0-3vL'e 6’ Ll ¢s00 600 8Sv°0 050 |4 WA ¢c00- 00000 Ge'6l ¥0-3L0'v- | ¥0-352'8- | ¥0-3€L°L | €0-30L°¢E L
q'c ¥0-36€°L €¢ 6L 1G0°0 S0'0 G120 G20 GGe'GlL S00°0- 00000 1’6 dulyieH [ #0-30¢°L- | €0-390°L- | G0-356'6 | ¥0-365°L 9
0¢ Y0-IvyL € jora 8500 S0'0 0Lgo G20 G196l S00°0- 00000 €26 ¥0-351°L- | €0-3L0°L- | ¥0-3L0°L | ¥#0-35G° L S 4
vl ¥0-36¥°L Ve vl G900 900 €120 G20 6LL°Gl 900°0- 00000 656 ¥0-390°L- | ¥0-3€9'8- | §0-39.°'8 | ¥0-309°L 14
L0 G0-3029 L vl 800 c0'0 8800 0L'0 cLest 100°0- 00000 oSy 000'0 |S0-369°G- | ¥0-39%'L- | ¥0-3G0°L | ¥0-386°L €
90 G0-366'9 L A% 2800 €00 9800 0L'0 cLest 100°0- 00000 or'y G0-3,9'G- | ¥0-36S°L- | ¥0-3L0°}L | ¥0-3LL°L 4 l
7’0 G0-399°9 'l 8yl 0020 200 0600 0L'0 441" ¢00°0- 00000 74 G0-3€9°'G- | ¥0-369°'L- | ¥0-300°} | ¥0-32L'} l
(ur-) A y beg 1ay i (%) v |Capnsd)d| (Cypsd) °d 40) (d) (un) °3 °3 s3 s3
oney
ulens *14909 oney Buidweq | xepuj | sojoey ssang | ssanys juop ul | ulens ulens ulens uensg
ABisug | 1esys |yBuens [sseuyng [ snoosin | uuogeq | Aumong | oney | uoisusy | ‘dwoo |uonejoy| peoq | ypim | e1esouog | ejeuouon | jeeys 19918 deig
‘wwny | juop o ‘43 |9sia-ainb3 | jenpisey | dsia | wua |iedound (jediouud | onseld |resee | yoess | N109 | Wwvag | N109 | Wvag |epAo | peot

uond3.1p umop (v’ Jsz'0) sioowered dUBWLIOND 94 1S9 TI'S dIqEL




5.2 PERFORMANCE LEVELS

Five levels of performance were used to characterize the exterior joints. These levels were
determined based on the evaluation and comparison of the previously tabulated parameters.
After analysis of the six joint test units, the governing parameters for delineating between
performance levels were found to be drift, plastic rotation, joint crack width, and the joint
strength coefficient y. The type and extent of damage in the joint associated with each step was
also used as a parameter for determining the performance levels. The difference in axial
compression load caused slight differences but did not affect the order or description of the
performance levels. The most significant factor was the difference in the detailing of test units 1
and 2 versus 3, 4, 5, and 6, which caused different modes of failure. Owing to the different
modes of failure, two sets of performance levels were developed.

For test units 1 and 2, Level I is the first yielding of longitudinal reinforcement, which
was characterized by barely visible, initial cracking in the joint or no cracking at all. Level II
represents the full development of the bond-slip mechanism of the bottom beam bars in the joint.
This level occurred at the peak lateral load and was characterized by cracking in the joint less
than 0.01 in. wide. Level III represents significant diagonal cracking in the joint ( > 0.02 in.
wide) and the extension of these cracks into the column. Level IV was characterized by the
spalling of concrete at the corner of the joint where the bottom beam bars were slipping. Level
V is total loss of lateral-load-carrying capacity.

For test units 3, 4, 5, and 6, Level I is also the first yielding of longitudinal reinforcement
and was characterized by barely visible, initial cracking in the joint or no cracking at all. Level
IT represents significant diagonal cracking in the joint ( > 0.02 in. wide) and the extension of
these cracks into the column. Level III represents the full development of the joint shear
mechanism. This level occurred at the peak lateral load and was characterized by extensive
cracking in the joint and the extension of diagonal joint cracks into the column. Level IV was
characterized by the spalling of concrete in the core of the joint. Level V is total loss of gravity-
load-carrying capacity.

The performance levels with detailed descriptions are shown for each beam-column joint

test unit in Tables 5.13 through 5.18. Accompanying these tables are Figures 5.1 through 5.12,
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which include performance levels marked on each joint’s respective hysteretic-envelope curve
and photographic documentation of each joint at all five performance levels.

It should be noted that these performance levels are based on only six joint tests. The
parameters are average values. Further studies are needed to generalize the findings of this

investigation and to determine the performance levels for higher axial load levels.
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Table 5.13 Test #1 performance levels (0.11".A,)

Level | Performance [Cycle| Drift | Lateral | Plastic v Crack
Description % | Load |Rotation|nsi(Mpa)| Width
kip (kN) | radians in (mm)
I First yield in 10 | .75 |18.4(82)] 0.002 |4.6(0.38)| Hairline
longitudinal
reinforcement
(column)
II Formation of 16 1.5 120.7 (92)| 0.016 |5.2(0.43)| 0.008
bond Sllp (0 2)
mechanism :
I Significant 19 | 2.0 |18.3 (81)| 0.010 [4.6(0.38)|0.04 (1.0)
cracking in joint,
w>0.02 in
(0.5mm)
v Significant 22 | 3.0 [14.6(65)| 0.029 |3.6(0.30)(0.08 (2.0)
spalling of
concrete at corner
A" LOSSIOffteral 28 | 7.0 |5.6(25)| 0.078 |1.7(0.14)(0.30 (8.0)
oa
Test #1 - 0.1 :A, axial load
50
40
30 -
20 L
£ 10 M
|
% -10 4
20
-30
40
-50 : : : :
-10 8 6 < 2 0 2 4 6 8 10

% Drift

Fig. 5.1 Test #1 performance level identification curve

Level 111

Level IV

Level V

Fig. 5.2 Test #1 photo documentation of performance levels
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Table 5.14 Test #2 performance levels (0.25f'.A,)

Level| Performance [Cycle|Drift| Lateral | Plastic Y Crack
Description % Load |Rotation psi (Mpa) Width
kip (kN) | radians in (mm)
[ | Fistyieldin [ 8 [ .50 [18.9(84)] 0.000 [4.7(0.39)] None
longitudinal
reinforcement
(beam)
[l | Formationof | 16 | 1.5| 283 | 0.007 |7.0(0.58)] 0.01(0.3)
bond slip (126)
mechanism
Il | Significant | 19 [2.0| 255 | 0.013 [6.3(0.53)] 0.02(0.5)
cracking in joint, (1 1 3)
w>0.02 in
(0.5mm)
IV | Sigificant | 22 [3.0 [17.9(80)| 0.025 [4.5(0.38)] 0.10 (3.0)
spalling of
concrete at corner
\'% Loss of lateral | 28 | 7.0 | 8.3 (37) | 0.068 |2.1(0.18)| >0.10
load (30)
Test #2 - 0.25f'.A, axial load
50
w0
%]
4 n
20 ! n
510: W y
%-10:
20 ]
30 |
a0
50 | : —— : : : :
10 9 8 7 6 5 4 3 1 0 1 2 3 4 5 6 7 8 9 10

% Drift

Fig. 5.3 Test #2 performance level identification curve

Level 111

LA

Level IV

K-
Level I

Level V

Fig. 5.4 Test #2 photo documentation of performance levels
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Table 5.15 Test #3 performance levels (0.1f':Ay)

Level | Performance [Cycle|Drift| Lateral | Plastic Y Crack
Description % Load |[Rotation psi (Mpa) Width
kip (kN) | radians in (mm) l
I First yield in 7 1.50]20.8(93)| 0.0004 |5.1(0.43) | Hairline ‘
longitudinal \ 3
reinforcement b
(beam) i 4 =
il Sli(gniﬁca_nt_ 16 | 1.5 393 | 0.006 [9.7(0.81)| 0.02 -
cracking in joint,
w>0.02 in (175) (0.4)
(0.5mm) \
III [Formation of joint| 19 | 2.0 42.2 0.011 |10.4(0.87)| 0.05 !
shear mechanism (188) (1.3)
v Significant 25 5.0 30.0 0.044 | 7.4(0.62) (0.1 (3.0) | |
spalling of (133)
concrete in core
V | Lossofgravity | 31 (9.0 [10.9 (48)| 0.086 |2.7(0.23)| >0.1
load (30)

Test #3 - 0.1f A, axial load

50

40 4
W

30 -

20 !

Lateral Load (kip)
o

-20 -

-30 -

-40 -

-50

% Drift

Fig. 5.5 Test #3 performance level identification curve Level I

Level 111 Level IV Level V
Fig. 5.6 Test #3 photo documentation of performance levels
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Table 5.16 Test #4 performance levels (0.251':A,)

Level | Performance |Cycle|Drift| Lateral | Plastic Y Crack
Description % | Load |Rotation|psi(Mpa)| Width
Kip (kN) | radians in (mm)
I First yield in 7 1.50(19.3(86)| 0.000 [4.7(0.39)| Hairline
longitudinal
reinforcement
(beam)
i [ S 106 15[ 417 [ 0004 [ 102 0.008
cracking in joint,
ckdng injo (185) 085 | (0.2)
(0.5mm)
I Ff’r_mati}(:n()f 19 (20| 451 0.008 11.1 0.04 (1.0)
joint shear
mechanism (201) (0.93)
IV | Significant | 25 | 50| 305 | 0.043 |7.5(0.63)]>0.1 (3.0
spalling of (13 6)
concrete in core
V| Lossofgravity | 25 | 5.0 | 30.5 | 0.043 |7.5(0.63)|>0.1 (3.0)
load (136)
Test #4 - 0.25f' A, axial load
50
40 - W
30
20 4 ! v
gw—
E
%-10—
-20
-30
-40
-50 : —— : : :
0 9 8 7 6 -5 4 3 -2 4 0 1 2 3 4 5 6 7 9 10

% Drift

Fig. 5.7 Test #4 performance level identification curve

Level 111

Level IV

Level V

Fig. 5.8 Test #4 photo documentation of performance levels
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Table 5.17 Test #5 performance levels (0.1f' A,)

Level | Performance |Cycle|Drift| Lateral | Plastic Y Crack

Description % Load Rotgtion psi (Mpa) .Width

Kip (kN) | radians in (mm)

I First yield in 16 | 1.5 [34.5(153)| 0.004 (8.8 (0.73)( 0.02 (0.4)
longitudinal
reinforcement
(column)

il Significant | 19 | 2.0 [38.2 (171)] 0.008 [9.7 (0.81){0.025 (0.6)
cracking in joint,
w>0.02 in
(0.5mm)

[II |Formation ofjoint| 19 | 2.0 [38.2 (171)] 0.008 [9.7 (0.81)[0.025 (0.6)

shear mechanism

IV | Significant [ 25 [5.0[27.2 (121)] 0.042 [6.9 (0.58)] >0.2 (5.0)
spalling of
concrete in core

V[ Tossoremviy [31 19,095 42) [ 0.086 [24(020)[>02(5.0)
oa

Level 1

Test #5 - 0.1f' A4 axial load

50

40 4

30 4

20 4

10 -

Lateral Load (kip)
o
—

=20

-30 -

40 -

-50

% Drift

Fig. 5.9 Test #5 performance level identification curve Level I

I

! | i aw - o AL
Level 111 Level IV Level V

Fig. 5.10 Test #5 photo documentation of performance levels
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Table 5.18 Test #6 performance levels (0.25f'.A,)

Level | Performance |Cycle|Drift| Lateral | Plastic Y Crack
Description % Load |Rotation psi (Mpa) Width
Kip (kN) | radians in (mm)
1 | Fistyieldin [ 7 [0.5[19.4(86)] 0.000 [4.9(0.41) | Hairline
longitudinal
reinforcement
(beam)
I Significant | 16 | 1.5 [39.1 (174)] 0.004 [10.0(0.83)]0.01 (0.3)
cracking in joint,
w>0.02 in
(0.5mm)
T |Formationofjoint| 19 | 2.0 [43.1 (192)] 0.008 [11.0(0.92)]0.02 (0.5)
shear mechanism
IV | Significant | 25 | 5.0 [30.1(134)] 0.042 | 7.7 (0.64) | 0.3 (8.0)
spalling of
concrete in core
V[ Tossoremviy 28 170 [16.7(74) [ 0.065 [ 4.2(0.35) [>03 (8.0)
oa
Test #6 - 0.25f A, axial load
50
40
30
20 A
g 10 4
5-10— )/
- v
=20 § !
304
m
-40 4
-50 T T T T T T T
9 8 7 6 5 4 3 2 4 0 1 2 3 4 6 7 8 9 10

% Drift

Fig. 5.11 Test #6 performance level identification curve

Level 111

Level IV

Fig. 5.12 Test #6 photo documentation of performance levels
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53 BOND SLIP

Bond slip of the bottom beam bars was measured during tests 1, 2, 3, and 4. Owing to a
malfunction in the instrumentation, no data were obtained from test 1. The results from test 2 are
shown in Figure 5.13 plotted against plastic rotation. Positive bar pullout is in the direction
toward the beam, while negative is toward the back face of the column. A maximum bottom
beam bar pullout of 0.67 in. was measured in the upward direction at the end of load step number
9 at a plastic shear angle of 0.054 radian (5.0% drift). Data were unable to be measured beyond
step 9 since the back face of the column had spalled off due to the 0.25f:A, axial compression

load, and the instrument was in danger of being damaged. This was also the case for test 4.

Test #2 - 0.25f A4 axial load

0.10
0.08
0.06 o
0.04
0.02 7 v
0.00 s !

-0.02 1

Plastic Rotation (radians)

-0.04 -
-0.06 - 9

-0.08 -

oM+
01 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Note: 8 = first cycle of load step Bottom Beam Bar Pullout (in)

Fig. 5.13 Unit 2: plastic rotation versus bottom beam bar pullout

Since test 3 had 0.1f:A, axial compression load, and instruments were not in danger of
damage from spalling, bar pullout was measured to load step number 10. Corresponding to this
step at a shear angle of 0.077 (7.0% drift) is 1.44 in. of bottom beam bar pullout in the upward

direction as seen in Figure 5.14.
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Test #3 - 0.1f ;A axial load

0.10

0.08 - 10

0.06 0
0.04
0.02 up
0.00

-0.02 {

-0.04 -

Plastic Rotation (in)

-0.06 -

-0.08 | 10

o210+
01 00 01 02 03 04 05 06 07 08 09 10 1

Note: 8 = first cycle of load step number 8 Bottom Beam Bar Pullout (in)

a1 12 13 14 15

Fig. 5.14 Unit 3: plastic rotation versus bottom beam bar pullout

Bottom beam bar pullout in test 4 was measured until the second cycle of load step 9. At
a plastic rotation of 0.052 (5.0% drift) the bar slipped 0.363 in. in the upward direction. This is

shown in Figure 5.15.
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Test #4 - 0.25f' A4 axial load

0.10 4

0.08 1
0.06 - 0
0.04
0.02 1 8 up
0.00 | f
-0.02 1

-0.04

Plastic Rotation (radians)

0061 °

-0.08

_0.107 T T T T T T T T T T T T T T T T T T T T T T T T T T T
-014 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Note: 8 = first cycle of load step number 8 Bottom Beam Bar Pullout (In)

Fig. 5.15 Unit 4: plastic rotation versus bottom beam bar pullout

Comparison between the three tests can be made by examining the bottom beam bar
pullout for each test at the second cycle of load step number 9. For test 2 at this cycle in the
upward direction, the bond slip was 0.575 in. The bond slip for test 3 at this cycle was 0.595 in.
and for test 4 it was 0.363 in. The values for tests 2 and 3 are very close. It appears that loading
an exterior joint to 0.25f A, that has 6 in. of bottom beam bar embedment has the same effect on
bar pullout as that of an exterior joint with only 0.1f:A, and 14 in. of bottom beam bar
embedment. Also noteworthy is the difference that axial load makes on two joints with identical
details. Owing to the increased axial compression load, the bottom beam bar pullout of test 4 at

cycle 2 of step 9 was only 0.363 in.; a decrease of 39% compared to test 3.
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5.4 COMPARISON WITH FEMA 273 AND ACI 352

The test results were compared with the FEMA 273 (BSSC 1997) modeling parameters for RC
beam-column joints. Specifically, the shear deformation angle parameters at the end of the peak
strength, d, and at the collapse level, e, and the residual strength ratio, ¢, as defined in Figure
5.16, were compared to Table 6-8 of FEMA 273. FEMA 273 parameters do not exist for an
axial load ratio of 0.25 f Ag; however, Table 5.19 shows that for an axial load ratio of 0.1f Ag,

the FEMA Guidelines are conservative.

Q/Q.e

Shear Angle

Fig. 5.16 FEMA modeling parameters

Table 5.19 Modeling parameters for specimens in comparison with FEMA 273

Test# | P/foA," | LHADSVEISC |y 2| g e ¢S
Reinforcement
1 0.10 NC? 0.88 0.010 0.030 0.488
2 0.25 NC? 1.20 0.010 0.030 0.514
FEMA 273 <0.1 NC? <12 0.005 0.010 0.200
3 0.10 NC 1.73 0.015 0.050 0.341
4 0.25 NC 1.89 0.020 0.050 0.300
5 0.10 NC 1.65 0.020 0.084 0.200
6 0.25 NC 1.87 0.020 0.067 0.200
FEMA 273 <0.1 NC ¢ >1.5 0.005 0.010 0.200

! ratio of the axial column load to the cross-sectional area of the joint and concrete compressive strength

2 ratio of the design shear force to the shear strength for the joint: V, is calculated using
Equation 6-4 in FEMA 273 Section 5.5.2.3

3 nonconforming details; no hoops within the joint
4 nonconforming details; see Table 6-8 footnote 1 of FEMA 273
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In terms of the shear strength coefficient, y, the FEMA 273 guidelines suggest a value of
v = 6 (psi) for corner joints (exterior joints without transverse beams). This is comparable to the
joints with 6” bottom bar embedment but conservative for the rest of the test units. For test unit
1 (0.10fAg) with y = 5.2 (psi) the FEMA guidelines are slightly unconservative. When axial
load is increased to 0.25f:A,, as in test unit 2, y = 7.0 (psi), and the FEMA guidelines become
slightly conservative. The test units with 14 in. of bottom bar embedment and those that hooked
performed very similarly. Test units 3 and 5, both with 0.1f A,, had an average maximum
coefficient y = 10.0 (psi), while tests #5 and #6 (0.25f :A,) had a y = 11.0 (psi) nearly twice that
given by FEMA.

The exterior joints tested for this research do not qualify as either Type 1 or Type 2 joints
per ACI 352 (ACI 1991), since the reinforcement is similar to Type 1 but the loading is of Type
2. When comparing the results for the shear strength coefficient obtained in this research to the
coefficient suggested by ACI 352 for new corner joints, which is y = 12 (psi), it can be observed
that nonductile joints without hoop steel in the joint do not meet the Type 2 joint design value.
This is true for the exterior joints tested here with the reinforcement details described, regardless

of the axial column load level.

5.5 LIMIT STATES MODEL

The five performance levels developed in Figures 5.17 through 5.20 are best suited for an
evaluation of experimental results. However, for the construction of a limit states model for
design, it can be seen that only three parameters are sufficient to describe the behavior of RC
exterior joints: plastic rotation, joint shear strength coefficient, and crack width. The results
obtained for the two test units with 6” bottom beam bar embedment are shown in Figure 5.17 for
the joint strength coefficient, y, and in Figure 5.18 for the crack width. Figure 5.17 indicates that
a sequence of steel yielding followed by the formation of a bond-slip mechanism, joint cracking,
spalling concrete, and loss of lateral load is representative of these two tests. Figure 5.18, which
has a logarithmic vertical axis, indicates that the crack width is an exponential function of the

drift.
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Joint Strength, g (psi)

Exterior Joint Units 1 and 2

8
Bond-slip
Mechanism
7 A LN
r s Onset of Joint
,' e, Cracking
6 — ‘ . .
5 |, *. Spalling
¢ * " Concrete
4] First Yield
31 Total Loss
of Lateral Load
2 A
1 B
0 * T T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

Crack Width (in)

Plastic Rotation (radians)

Fig. 5.17 Limit states model for exterior joint units 1 and 2
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Fig. 5.18 Crack width model for exterior joint units 1 and 2
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The limit states are different for the other exterior joint units 3, 4, 5, and 6. The sequence
for these units is steel yielding, followed by joint cracking, the formation of a joint shear
mechanism, spalling of concrete, and loss of gravity load. The behavior of these four tests is

shown in Figure 5.19. The crack width relationship with drift is exponential, as shown in Figure

5.20.

Exterior Joint Units 3, 4, 5, and 6

12
Joint Shear Mechanism
1 A —UNIT4
R4 ‘ -~
104 ¥ &

Spalling
Concrete

Onset of ~
Joint Cracking

Total Loss of
f Gravity Load
| (Unit 4) .

First Yield

UNIT 3

N

~.
SN
UNIT 6 TN

I
I
' Total Loss of ~
11 Gravity Load /\ .
- UNIT 5 ~
I
|

Joint Strength, g (psi)
(o)}

(Unit 6) A
2 1 Total Loss of
Gravity Load
(Units 3 and 5)
0 T T T T T T T T

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Plastic Rotation (radians)

Fig. 5.19 Limit states model for exterior joint units 3, 4, 5, and 6
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Exterior Joint Units 3, 4, 5, and 6
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Fig. 5.20 Crack width model for exterior joint units 3, 4, 5, and 6

The limit states model could be used for performance evaluation of RC joints after an
earthquake. From knowledge of the joint detailing, the axial load, and measurement of the crack
width, Figure 5.18 or 5.20 could be used to estimate the corresponding plastic rotation; then by

using Figure 5.17 or 5.19, the joint shear strength coefficient could be obtained which

corresponds to the remaining shear capacity of the joint.

78



5.6 PROPOSED NEW MODELING CRITERIA FOR EXTERIOR JOINTS

WITH SUBSTANDARD DETAILS
The FEMA 273 (1997) document contains modeling parameters for RC concrete beam-column
joints (Table 6-8). These criteria are evaluated based on the shear angle and a residual strength
ratio. The shear angle is given in terms of quantities d and e, as shown in Figure 5.21, which also
shows the residual strength ratio, c¢. It should be noted that the FEMA 356 (2000) document has a
table similar to the one in FEMA 273; however, the quantities d and e are specified as plastic shear

angles (Table 6-9).
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SHEAR ANGLE (rad)

Fig. 5.21 FEMA 273 generalized deformation relation

The data from the six units tested in the present research study do not support the information
conveyed by Figure 5.21. Instead, depending on the failure mode of the joints, i.e., bond slip or
shear failure, the generalized deformation relation varies as shown in Figure 5.22. In addition, the
expression of the modeling parameters in terms of d, e, and ¢ does not seem to satisfy the
generalized deformation relations obtained in this study. Four parameters are used to establish the

new modeling criteria: P1, P2, P3, and P4, which are defined as follows:
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P1 = Lateral Load Resistance value at yield
P2 = Peak value of Lateral Load Resistance
P3 = Sudden Reduction in Lateral Load Resistance

P4 = Residual Strength Ratio

25
2,
>
g
e}
31.5*
> Pl
<
o1
)
L
04

P2

0.5 - Bond-Slip

Model

P2

P3

Shear Model

0d

0

0.02

0.04
SHEAR ANGLE (rad)

0.08

Fig. 5.22 Proposed generalized deformation relations for exterior beam-column joints

Adopting the definitions shown in Figure 5.22, the following data are obtained from the test
units as shown in Figure 5.23 for the bond-slip failure mode (units 1 and 2), and Figure 5.24 for the
shear failure mode (units 3, 4, 5, and 6). The data are also shown in tabular form in Table 5.20.
Note that in addition to the shear angle, the plastic shear angle (plastic rotation) is also provided in
Table 5.20. Finally, from the six units tested in this research an alternate table is proposed for

modeling parameters similar to Table 6-8 of FEMA 273; this is provided in Table 5.21, which

should be used in conjunction with Figure 5.20.
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6 Strut-and-Tie-Model

Over the past few decades the design of concrete structures has changed dramatically.
Improvements to codes were implemented for the design of concrete structures based on
extensive testing, including the effects of seismic loading. The design of concrete structures in
the 1960s did not consider these effects in the details that are currently required by codes. One
big difference in the 1960s’ design is the absence of steel hoops in the beam-column
connections. Several types of buildings were built with no steel hoops through the joint in this
era, and with various vertical and horizontal reinforcement details through the joint. It is now
important to re-evaluate these buildings to determine their adequacy in a seismic event.

The design of RC joints is very difficult to model using traditional stress-strain
relationships, or even using finite element analysis techniques. However, strut-and-tie models, a
relatively new design method, may provide a much more accurate model of the joint. Recently,
several strut-and-tie models have been developed for various types of beam-column concrete
joints (Ali and White 2001, Lowes and Moehle 1999, Hwang and Lee 1999). These models have
been developed for joints designed to meet current codes, which consider the benefit of steel
hoops in the joint; thus they are not suitable for the evaluation of existing joints with substandard
reinforcement details. In these cases, there is a need for a somewhat different strut-and-tie model
to be developed. The strut-and-tie model developed here is verified by the experimental results

obtained in the present study.

6.1 OBJECTIVE

The purpose of this chapter is to develop a strut-and-tie model for one of the beam-column joints
tested in the present research. Six beam-column joints with three different reinforcement details
based on 1960’s construction were tested. Each of the three different joint types was tested at

levels of 10% and 25% of the axial load capacity of the column section. A strut-and-tie model



was developed for test unit 6, with the reinforcement detail shown in Figure 6.1, at 25% axial

load.
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Fig. 6.1 Joint detail for test unit 6
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6.2 TEST UNIT

The joint shown in Figure 6.1 has reinforcement details meeting the requirements of the 1963
ACI Code. This detail represents a very good design for that time due to the large hooks that
connect the beam to the column. This detail was used to develop the strut-and-tie model
discussed in this Chapter. The concrete compressive strength used in the analysis was f'c = 4,496
psi, obtained from tests of three cylinders just prior to testing the joint. The yield stress of the
various sizes of steel bars was also obtained from tests and is shown in Table 2.2.

The column was subjected to a static axial load of A =280 kips, and the beam was cycled
up and down in a quasi-static cyclic fashion until failure occurred. The maximum load carried
by the joint during the experiment was P = 42 kips. The location of axial load, A, and lateral
load, P, is shown in Figure 6.2, which also shows the test setup. The strut-and-tie model
developed was based on the upward stroke. The results for the downward stroke are the same

due to the symmetry of the joint.

(A

T

'.-;f'. o —— : (P)

Fig. 6.2 Test setup
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6.3 MODEL DEVELOPMENT

The first step in developing the strut-and-tie model was to determine and isolate the
discontinuity, or “D-region,” as shown in Figure 6.3. The D-region is considered to be the
section where a discontinuity exists due to a change in geometry or where severe loading exists.

It is bound by the column hoop steel immediately above and below the joint core and the four

faces of the column.

A (Axial Loacdh
F . r
i Ny
-
D-Reqio . T ¢
P P
” (Beam
Loach
P> }
Feo r
A

Fig. 6.3 Discontinuity region

The second step was to determine the forces acting on the boundary of the D-region.
This was a very important step in the development process. In order to determine how the axial
load (A) and beam lateral load (P) might be acting on the surface of the D-region, a strut-and-tie

model was developed first for the entire specimen excluding the D-region, as shown in Figure
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6.4. This model was simple to develop due to the continuity of stresses outside the D-region. It
also gave a good idea of how the loads (A) and (P) were acting on the D-region, as shown in
Figure 6.3. Once the boundary conditions were defined, that is the forces acting on the boundary
of the D-Region in terms of (A) and (P), the truss for the strut-and-tie model of the joint could

be drawn.

¢A+P
A429P — ()

D-Region

Struts
Ties

- 429 P

Fig. 6.4 Truss model

89



The truss for the strut-and-tie model of the joint was difficult to construct, mostly due to
the lack of stirrups in the joint. Several different strut-and tie truss models were attempted until
an optimal model was developed. The strut-and-tie truss that was developed is different from
other trusses used in a joint of this type of geometry in several ways. One difference is that the
truss extends outside of the joint to the nearest steel tie, which is 4" outside the joint. Another
difference is the use of three major diagonal struts (compression members) through the joint.
These struts were developed to model the confining effect of the large steel hooks located within
the joint.

The final strut-and-tie model developed is shown in Figure 6.5. The solid lines represent
tension ties, whereas the dotted lines represent compression struts. The angles of struts 10, 11,

and 12 from the horizontal are 59.7°, 41.7°, and 30.3°, respectively.

Fig. 6.5 Member and joint numbers of strut-and-tie model

It was important to develop a model that captured the failure mechanism observed in the
actual test unit. A comparison of the strut-and-tie model of Figure 6.5, with both the up and

down loading superimposed, and the actual joint from the test was made before major spalling of
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the concrete had occurred. As Figure 6.6 shows, the cracking through the joint is similar to the
orientation of the struts in the strut-and-tie model, and it extends outside the joint to the nearest
steel tie. This was the first evidence that the strut-and-tie model developed would provide a

good representation of the performance obtained from test unit 6.

Figure 6.6. Comparison of truss model to actual joint cracks

With the strut-and-tie truss model developed, the strut and tie forces could now be
calculated. It was assumed that on the upstroke at the ultimate beam lateral load (P), member #1
yields (member #5 on the down stroke); test results confirm this assumption. This led to a
statically determinate truss that was solved in terms of the axial load (A) and the beam lateral
load (P). Table 6.1 lists the member forces in symbolic form and based on the 280 kips axial
load and 42 kips beam lateral load. The table also lists the compression strut widths and the

effective compressive strength of the concrete (f..).
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Table 6.1 Member forces and strut widths based on ultimate lateral beam load

Member Symbolic Member fee Force Strut Width

Force (psi) (kips)T (in.) T

1 Fy - +27.2 -

2 5.256P - +220.8 --

3 4.543P — 1.297F, -- +155.42 -

4 7.316P — 7.564F, -- +100.93 --

5 0.429P -- +18.0 --

6 0.5A +2.943P 3520 -263.6 3.39

7 0.480P 2290 -20.2 0.55

8 0.5A —2.158P 2290 -49.4 0.877

9 0.5A —2.443P — 0.857F, 3520 -14.02 0.220

10 2.481P + 0.284F, 2290 -112.0 3.07

11 1.670P + 3.033F, 2290 -152.88 4.33

12 2.697P —2.788F, 2290 -37.22 0.87

13 0.5A —2.443P — 0.857F, 3520 -14.02 0.22

14 1.317F, 2290 -35.93 1.05

15 8.634F,—3.707P 2290 -79.84 2.62

16 0.5A + 6.125P — 8.576F, 2290 -163.30 1.33

Fi=Af,

P = Lateral Beam Load (assumed as 42 kips)
A = Axial Load (Assumed as 280 kips)
TBased on P = 42 kips and A =280 kips
+ = tension tie
- = compression strut
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6.4 EVALUATION OF TRUSS,

The first members analyzed were the ties, or the tension members. Failure of the ties would
indicate a more ductile behavior of the joint, which is the most desirable failure mode. The force
required to yield each of the ties was determined using the simple relationship: F = fyA,, thus
ignoring any strain hardening effects. These forces are listed in Table 6.1. Only one of the ties
in this model reached the yield stress; therefore the ties were not the primary cause of failure.
The only exception is member number 1, in the up stroke, which was assumed to yield; this was
confirmed from the test of unit 6.

The other failure modes examined were crushing of the struts, i.e., the concrete
compression members, and crushing of the nodes. The first step in determining the capacity of
the struts is to determine the effective compressive strength of the struts. The allowable stress
was determined using the method outlined by MacGregor (1997). In this method, which is very
similar to the method outlined in the ACI code (Concrete International 2001), the effective

compressive strength of the concrete (f..) is determined using the following:

fo=vvsf, (6.1)

15
vy =0.55+—— (6.2)

V7.

where f'. is in psi units. The value of v, varies, depending on the type of strut or node being
examined. For uncracked uniaxially stressed struts vi=1.0. For struts cracked longitudinally
due to bottle-shaped stress fields without transverse reinforcement v; =0.65. Only strut members
6, 9, and 13 (see Fig. 6.5 for locations of members) were modeled as uncracked uniaxially
stressed struts. These members are located at the interface between the column and the beam,
which confines the struts and reduces the development of bottle-shaped stress fields. Strut
members 7, 8, 10, 11, 12, 14, 15, and 16 were modeled as struts cracked longitudinally due to
bottle-shaped stress fields. This is a conservative approach, especially for members 10, 11, and
12 because the hooks in the joint help to confine these members in the transverse direction.
However, the hooks do not constrain these struts in the plane perpendicular to the hooks. The

test of unit 6 showed that there was a large amount of concrete spalling in this plane.
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For the node calculations, v; =1.0 for nodes with only compression struts (node 3 in Fig.
6.5), 0.85 for nodes with two or more struts and one tie (nodes 1, 2, 4, §, and 9 in Fig. 6.5), and
0.75 for nodes with two or more ties (nodes 5, 6, and 7 in Fig. 6.5). Based on these values for
v; and the value of v, from equation (6.2), the effective compressive strength, (f..), of each node
and compression strut was calculated, as shown in Table 6.1.

Once the strut widths have been calculated, a detailed drawing of the model can be drawn
to determine the size of the nodes, and also areas of the joint where the struts fail due to
overlapping. As can be seen in Figure 6.7, compression struts 10, 11, and 12 overlap each other
when drawn to scale. The same overlapping can be seen between compression struts 15 and 16.
In these overlapping areas we know the effective concrete strength is exceeded and the concrete
will crush.

It can also be seen in Figure 6.7 that node 3 has the most critical loading on the diagonal
face, where the three diagonal compression struts (10, 11, and 12) come together. In order to
determine the stress on this node, the forces from compression struts 10 and 12 were resolved
into components parallel and perpendicular to strut 11. The forces acting on the diagonal face of
joint 3 were then calculated as the sum of the forces of the three diagonal members acting in the
direction of strut 11. The net force acting on the diagonal face of node 3 was determined to be
296 kips, which results in a stress of 4490 psi. The effective compression strength of this node is
3522 psi, based on equations (6.1) and (6.2), which clearly indicates that the node fails by

crushing of the concrete.
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Fig. 6.7 Strut-and-tie model failure mode showing strut widths

Based on the initial analysis outlined in this paper the critical areas are nodes 3, 4, 5, and
6, and struts 10, 11, 12, 15, and 16. By using the experimental lateral load of 42 kips, it can be
observed from Figure 6.7 that struts 10, 11, and 12 overlap and that nodes 4, 5, and 6 also
overlap. It is therefore likely that crushing of the struts within the hooks caused failure.

The strut-and-tie model shown in Figure 6.7 is a good representation of the joint and
simulates the results for test unit 6 in a satisfactory manner. The failure zones shown in Figure
6.7 correlate well with the failure zones of the actual joint. It was also observed that massive
spalling of the concrete occurred within the hooks, and as much as 3 in. of concrete fell from the

joint within the area of the hooks on each side of the beam.

95



7 Conclusions

The present investigation is concerned with the assessment of RC building exterior joints with
substandard details. The six test units were full-scale models of typical exterior beam-column
joints in RC buildings built in the United States and other countries prior to 1970. The joint
details were substandard compared to current seismic codes in the following areas: (a) there was
no transverse reinforcement in the joints, (b) the beam depth to column bar ratio was less than
the recommended value, (c) the development length for the bottom beam bars was less than the
required length for four of the test units, and (d) column bars were present only on two faces of
the joint and were not distributed around the joint perimeter. However, all units satisfied the
requirement for column to beam flexural ratio, and the top beam reinforcement into the joint
satisfied bar anchorage requirements.

The research has shown that there are primarily two failure modes related to joints with
the substandard details described above: (a) a bond-slip failure mode, and (b) a joint shear failure
mode. Two of the units tested (units 1 and 2) exhibited a bond slip failure mode and the
remaining four units (units 3 to 6) exhibited a joint shear failure mode.

One of the findings of this study is that the joint strength coefficient, y, changes with the
variation of the column compressive axial load. For unit 1 with a bond-slip failure mode and an
axial column load of 0.1 :A,,the value of y was 5.2 (psi); for unit 2 with an axial column load of
0.25f A the value of y was 7.0 (psi), an increase of 35 percent. For units 3 and 5 with a joint
shear failure mode and an axial column load of 0.1 A,, the value of y was 10.2 (psi) and 9.7
(pst) respectively; for units 4 and 6 with an axial column load of 0.25f (A the value of y was
11.7 (psi), and 11.0 (psi), respectively; this is an increase of 15 percent for the units with the
higher axial column load. The FEMA 273 (BSSC 1997) joint shear strength coefficient is given
as y = 6 (psi) for existing exterior joints without transverse beams, which is seen to be very

conservative except for unit 1 with the lower column axial load and the bond-slip failure mode.



The ACI 352 (1991) joint shear strength coefficient for new Type II exterior joints is given as y =
12 (psi), which was not reached by any of the units tested in this research regardless of the level
of column axial load.

The average value of the joint shear strain for units 1 and 2, exhibiting the bond-slip
failure mode, at the peak lateral load was 0.0035; the maximum measured joint shear strain was
0.0227. The average value of the joint shear strain for units 3-6, exhibiting the joint shear failure
mode, at the peak lateral load was 0.0033; the maximum measured joint shear strain was 0.0242.

The principal tensile stress in the joint for unit 1 with a bond-slip failure mode and axial
column load of 0.1f A, was 10.3Vf', (psi); for unit 2 with an axial column load of 0.25f A, the
principal tensile stress was 22.4Vf', (psi), an increase of 117 percent. For units 3 and 5 with a
joint shear failure mode and an axial column load of 0.1f:A,,the average value of the principal
tensile stress was 14.3Vf. (psi); for units 4 and 6 with an axial column load of 0.25f A, the
average value of the principal tensile stress was 24.2Vf, (psi); this is an increase of 69 percent
for the units with the higher axial column load.

The plastic shear angle at peak lateral load for the joint for all units tested was 0.01 (rad);
for unit 1 with a bond-slip failure mode and axial column load of 0.1f.A,, the plastic shear angle
after sudden reduction of the lateral load was 0.03 (rad); for unit 2 with an axial column load of
0.25f.A, the corresponding plastic shear angle was 0.02 (rad). For units 3 to 6 with a joint shear
failure mode, regardless of the level of the axial column load, the average value of the plastic
shear angle after sudden reduction of the lateral load was 0.04 (rad).

The displacement ductility ratios of unit 1 (0.1f:A,) and unit 2 (0.25f :A,) with the bond-
lip failure mode were 3.9 and 2.9, respectively; for units 3 and 5 with the joint shear failure mode
and axial column load of 0.1f:A,, the displacement ductility ratio was 1.9, and for units 4 and 6
with axial column load of 0.25f :A,, the displacement ductility ratio was 1.8. In addition, units 3
to 6 with the joint shear failure mode had a cumulative displacement ductility of 31% to 39%
smaller than units 1 and 2 with the bond-slip failure mode.

The units with 0.10f':A, column axial load that failed by joint shear had a 24% higher
hysteretic energy dissipation compared to unit 1 that failed by a bond-slip mechanism. The units
with 0.25f A, column axial load that failed by joint shear had the same hysteretic energy
dissipation compared to unit 2 that failed by a bond-slip mechanism.

For each of the two failure modes of bond slip and joint shear five performance levels
were identified. For units 1 and 2 with the bond-slip failure mode the following performance
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levels were identified: (I) first yield of the reinforcement, (II) formation of the bond-slip
mechanism, (IIT) cracking in the joint, (IV) spalling of concrete at the corner of the joint where
bond slip occurs, and (V) loss of lateral load capacity. For units 3 to 6 with the joint shear failure
mode the following performance levels were identified: (I) first yield of the reinforcement, (II)
cracking in the joint, (IIT) formation of the joint shear mechanism, (IV) spalling of concrete at the
joint core, and (V) loss of gravity load capacity. The above performance levels were used to
identify corresponding limit states, which were delineated in terms of joint strength coefficient
versus plastic rotation and crack width versus plastic rotation for both the bond-slip failure mode
and the joint shear failure mode.

It can be observed that the presence of the higher axial load was beneficial in terms of the
joint strength coefficient and principal tensile stress, but was detrimental for displacement
ductility and energy dissipation. The four units (units 3 to 6) with the joint shear failure mode
failed at the end of the test due to loss of the column axial compression load capacity. The
remaining two units (units 1 and 2) with the bond-slip failure mode failed at the end of the test
due to the loss of lateral load capacity. The units that had a bond-slip failure mode had a lower
joint strength coefficient, ultimate plastic shear angle, principal tensile stress, and energy
dissipation than the units with the joint shear failure mode.

A strut-and-tie model was developed for units 5 and 6 of the experimental program. The
analytical model is unique in that it incorporates bent bars in the beam-column joint. The tensile
tie elements that were used to represent the bent bars in the beam-column joint were idealized by
linear chord segments. Correlation with experimental values of the lateral load and column
compression axial load was excellent.

This research has resulted in a recommendation for new modeling criteria for exterior
concrete joints with substandard details based on either a bond-slip failure model or a joint shear
failure model. In the opinion of the authors, the proposed modeling criteria for exterior joints
that are prone to either bond-slip or shear failure modes capture the characteristics of the units
tested in this research in a more satisfactory manner than do the current FEMA 273 (1997)

modeling criteria.
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