Bd 9 wYA'HO vn v
M E 10371 12%

A wsAyo Y vnk oOVYN &A 0)









PG103010475

103301070000G0039

Q¢
On
g8

Jy T3 € 0 N

vno=Wod LS

e

vnt oE
wnt b 2
vwnt o A

Bd 9 VwYA'HO vn v
M E 1037 12%

A wBAUud Y Unkb oY N OA 0)









<

T | SO PPRRP 1
v | TR 1)
PP V.
ettt ——— ettt ettt ettt et eeeat et re et et et et et enna ettt e et tene s XIX
ABSTRACT .....oiutieieeteeeeeteeseveeeseete et e et es st smnssees et atese e saete s sa st ennmeenens XXl
G ettt 1.
C wn BBE ottt eeee ettt nanea e nens 1

3 W B A ottt ettt 3

t L7 o 0 OO |

3 ettt en e 9
¢ n N I L U € ittt e 9

B ettt 55
G et 55

3 H G DD TT e 57

t n C e 60

X ettt rerer et e e ————— e e a———— 70

X y . e, 111
X a EH & nD:i K COA e, 199
¢ ne P e 200

3 WM € e, 231



PP 255
3 0 et 256
¢ 00 e ann e s 259
y AT BG0 oo reeee et 267
t M A e 273
X A A 281



!

&

!

&

!

&

!

&

!

&

!

&

!

&

@l
I-1 G TTW A o e eemes e en e neee s s enn 6.
31 E ® a 28wz . > 2 S e 56
32 a 'Ho (O BSOSO 70
33 M "Ho Q ettt enen e 73
34 E ® a n 28wz T > Z DY &
51 > OO 201
B-2 2 ettt 202
53 =S~ OO 211
54 E =R 216
T OO 224
S T = PR 225
SOl A o 1 I o TSROSO 233
S < T OO 234



EH

2 £

E



|

I OO 5
2-1 WE o THE A2 e 12
2-2 R 0 TSSOSO 13
2-3 R o TSRS 13
24 ANT B Y D oo 15
2-5 0 t BRK 2 e 16
2-6 M W ettt 18
2-7 P T b GY@IT] (0) M o 19
2-8 £ TR 22
2-9 1 OO 22
2-10 P, B b ¢Y@IAT] (B) M oo 23
2- 11 ¢ 2 nad@ (©O H | () ) ] (e)

A = RO 24
2-12z EnNa TH o E e, 25
2-13 N e 26
2-14 € 21 € O 21 XMoo 26
2- 15Warashina v n M e e e e e e e e e e e —————— 27
2- 16 Warashina ¥ n Q M E M e 27
2-17 Sakurai wn M L coreereee e e e e e e e e e e e e a e e e e e e annnas 28
2- 18 Sakurai wn M F Q 28
2-19 Ermine wn M F Chhy oy Qe 28
2-20Ce Yun T Q: (a) A (b) B, 29

2-21 ° vnhunée Q:(ag > M QAD (o)yi



EH a P:z£ En i A wn wn

) (b LM QAD (o)yi G P 30
2-22 VO wn n . Q€ C s 31
2-23 Vo wn n Q: Z e 32
2-24 V0 wn n . Q: C e 33
2- 25C X wnnr f z RC |n neé
T Qd(@@) a > E€F ot 200 M ] (b)

L EF ok 200 TT e eeeme e 34
2- 26 n :@ME « TR o @) (b £ a
y & &) () 1 s 36
2-27 T Q: (@ MWG1 ~ - B ] (b) MWG2
T .8 ] (€) MWG3 ~ - 8 ] (d) LWG1 ~ - 8
] (e) LWG2 7 - B e 37
2-28 LT V2T 38
2-29 X~ S o 2R 39
2-30(@)  NFL-Wj (b) NFL-W/rq (c) NFL-wWNna2 8 b5
(d) NFL-W/ICTT 2 B D e s 39
2-31 | > (NFL-W) L(NFL-WCMT L e 40
2-32(a) PMRF ] (b) PMRFUSY | (c) WMRF ]
(d)  WIMRF U M et 41
2-33PMRF/IIC Tl ¥ oottt emmee ettt nanae s 41
2-34(a) PMRF (b) PMRFM2 ® b5 | (c) WMRF (d)

WMRFM2 B2 5 | (e PMRF/rg () PMRF/rcn2 -
TSRO 42
2-35 PMRFy WMRFy PMRF/rclm2 -8 W ... 43
2- 36 n . ( LWIRtL LwW1 L’ p CEDP P )
................................................................................................................... A4
2-37M£ B o5 § CFRP P V2 45
2-380£ B o5 § CFRP P Y2 45

2- 39 (a)MW1 8 o (bLW1 "B D ] (c)LWIR



"8 o (dLWIC "B o | (e)lWl1Ca "B
] (AMW1C "8 o j (QMWIC2 "B o ] ... A7
2-40 E M@ bl @ D@ b e 48
2-41(a)H3 | (b)H-3 M R WA ] ©H4 | ()
H-4 M T B ..h ] (eH5 | (HH-5 M .
..k | (g) H6 ] (h) H6 M T B L () H-7

] () H-7 M . .. ) (WH8 | (hH-8 M
"B Y R 50
2242y z£N7%LT E e 52
2- 43 (a)DIANA £ (b) DIANA £34u " ne et .52
2-44 N O E et 53
31 2 @' ) 1N 56
3-2y et 56
33 H & nb: %L =22 57
3410271 - eJ/b E y ) Qu né L 58
3-5 R © TSP 60

36 ° DY@ | (b e(, AOB e ) (@ H(C.

"AO t  20cn¥ OGN D =Y ¢ P, v (
) ST 61
3-7 X 31 B, v o T 61
3-8 e 62
39 L€ F e 62
3-10 P ettt 63
B- 11 P 2 e 63
312 1(@) 49 ( y b)) N ©m M 64
313 2(d) 4y ( Yy () 4 @™ N 65
314 3@ Y4y ( y b)) N ©m M 66

3-15 4@) Y4y ( Yy ® 4 j @ * D v | (dw



X ¥ DO o T T 67
3-16 5@ 4v ( Yy ® 4 jJ@© * D dN ) (d
* ¥ D o T OO 68
3-17 6@ 4y ( Y ® 4 jJ @ * D v ) (dw
X ¥ R o T [T 69
3-18 H2 .y T3€ DN B e 71
319 | NDI A7H MO e 71
3202 ( ) 8 (NDI Y B 1 s 72
3-21 7 we( . SA ) [T 73
3-22 (a) "H2 () N =Y o IR 74
B- 28 ettt rmem ettt 74
324 N wn®:(@< w] (b) B e 76
3-25 (S - RO 80
326 * DA _ UOA | 81
327 P, B e, 81
328 P, A DL OA e, 82
329 . O A <12 82
3-30LVDT | B s 83
3-3LP o | B e 84
3- 32 OPTOTRAK Certus HD SYStem..........uiiiiiiiiiieecceeeii e 85
3334 E u E N Marker@m 4 AN ) B ... 86
3-34 rx P, )i FoQD e, 88
335 P, O T 1 Y e 89
3-36ep-Ht P & | Y@ . &

| (b) b Y A suPe)(©/ 01 91
3-37¢et -Ho P, 1T unY(@ b ] (by o1



3-38et -Ho P ol ONq qvy A <uP < .93
3-39ep-Ht *8 Y@ * DM | 19 * Do
ZMGCk P, j B * D | . P, C EC] (o)

P U E G e eet ettt 94
3-40 (a) W Mwn ] (B) QU 95
N 1 2P a5
B-42 E (2] oottt et 96
R B N (< ) Y AP a7
3-44 K T OO 97
3-45 (ay (b) 4j) (c)y (dPVC A Y ] (ef ™ ....08
346Mp | N e 99
3-47 FE° T PP 99
3-48 P, N e e, 100
349 ¢3¢ SRR 100
3-50 Lo I OO 101
3-51 ¢3¢ 1@ TR 101
3-52 O LY zo ™ L BRK e 102
3-53 C3x Y ZE Vo s 102
3-54 X 3T O LY Y Vo Do, 104
355 P, B e 106
3-56 T I o e 107
3-57 y Moy LY F 107
3-58 I e 108
3-59 O T SO 109
3-60 O T O (R U X FO OO 109

4-1 3" +0.25% driftt oo 113



EH & P:z£ Em f wn vn
42 H "3 0 R T 114
4-3 3° +0.25% driftt A @H®Y (bye ™y ... 115
4- 4 3" -0.25% driftt Bl e 116
4-5 3" -0.25% driftt A@H®Y (bye ™y 116
4-6 3 +0.375% driftt Bl oo esenmen e, 117
4-7 3° +0.375% driftt A @H®Y (bye ™y .. 118
4-8 3" -0.375% driftt 0 [RTTTT T TP 119
4-9 3" -0.375% driftt A @H®Y (bye ™y . 119
4-10 3" +0.5% driftt Bl e ee et 120
411 E 25O 121
4-12 3 +0.5% driftt RE@H™Y bye ™y 121
413 )" -0.5% driftt Al et 122
4- 14 O T 3 1 TR 123
4- 15X 3" -0.5% driftt A@@H®EY (e ™y ... 123
4-16 3" +0.75% driftt Bl oot enmen s 124
4-17 )" +0.75% driftt A@@H®EY e ™y ... 125
4-18 3" -0.75% driftt Bl oo 126
4-19 |Fx B e 126
4- 20 3" -0.75% driftt AR E@H™Y (bye ™y . 127
4-21 3" +1.0% driftt ] e, 128
4-22 |- x e e 128
4-23 3" +1.0% driftt A @H®EY bye ™y .. 129
4- 24 3° -1.0% driftt Bl e, 130
4-25 |-x B e 130
4- 26 3" -1.0% driftt R E@H®Y (bye ™y 131



4-27  t° +0.25% driftt B e 132
4-28 (a) T 3 ] ) ExE 45« | 132
4- 29 t° +0.25% driftt A E@H™Y (be ™y ... 133
4-30 t° -0.25% driftt (TR 134
4-31 -0.25% drift Al oot 134
4- 32 o CO Bl cverereeeee e s ettt nnee s sttt ee st nenes 134
4-33 1t ° -0.25% driftt AEE@H™Y (be ™y 135
4-34  t° +0.375% driftt (TP 136
4-35 +0.375% drift Bl et enna et 136
4-36 1 ° +0.375% driftt A@@H®Y bye ™y ... 137
4-378 AO TG CM oo 137
4- 38 t° -0.375% driftt [ 138
4- 39 t° -0.375% driftt R E@H™Y (bye ™y .. 139
4- 40 t° +0.5% driftt ] oottt reeee e 140
4- 41 t° +0.5% driftt ARE@H™Y (be ™y 140
4- 42 t° -0.5% driftt [ 141
4-43  t° -0.5% driftt ARE@H™Y (bye ™y 142
4- 44 T +0.75% driftt [ 143
4-45  t° +0.75% driftt AR @@H™Y (bye ™y 143
4- 46 t° -0.75% driftt [ 144
4-47  t° -0.75% driftt AR EE@H™Y (be ™y 145
4- 48 t° +1.0% driftt [ 146
4-49  +t° +1.0% driftt R E@H®Y (bye ™y 146
4-50 t° -1.0% driftt [T 147

4-51  t° -1.0% driftt ARE@H®Y (bye ™y 148



4- 52

4- 53

4- 54

4- 55

4- 56

4- 57

4- 58

4- 59

4- 60

4- 61

4-62

4- 63

4- 64

4- 65

4- 66

4- 67

4- 68

4- 69

4-70

4-71

4-72

4-73

4-74

4-75

4-76

G P:z£ ET i A wn vn
t° +1.5% driftt TP 149
MHE T 2 e, 149
T° +1.5% driftt A E@H™Y (be ™y 150
t° -1.5% driftt l oot emnr et 151
£ . f TR 151
t° -1.5% driftt A@H®Y (bye ™y . 152
t° +2.0% driftt o T TT TP 153
t° +2.0% driftt A @H®Y (bye ™y ... 154
t° -2.0% driftt Bl et 155
t° -2.0% driftt A@@H®Y (e ™y .. 155
t° +3.0% driftt ([ TTTEOT TR TP 156
t° +3.0% driftt A @H®E (bye ™y ... 156
t° -3.0% driftt Bl e 157
t° -3.0% driftt AE@H®EY (e ™y ... 158
r° +0.25% driftt Al e, 159
103 X A e 159
Mt 3 X A e 159
r° +0.25% driftt A @H®EY bye ™y ... 160
r° -0.25% driftt Bl oo 161
Xn 2 TR 161
r° +0.25% driftt AR E@H™Y (be ™y . 162
r° +0.375% driftt o IR R 163
t° +0.375% driftt ARE@H™Y (bye ™y ... 163
r ° -0.375% driftt [T 164

r° -0.375% driftt R E@H™Y (bye ™y 165



4-77 3 +0.5% driftt A et 166
4-78 [ Foo Y KO M e 166
4-79 r° +0.5% driftt AR E@H™Y (bye ™y 167
4- 80 r° -0.5% driftt 0 [T 168
4-81 r° -0.5% driftt ARE@H™Y (bye ™y 168
4- 82 r ° +0.75% driftt (TR 169
4- 83 N E ettt en e 170
4-84 r° +0.75% driftt A @H®Y (bye ™y ... 171
4- 85 r° -0.75% driftt Bl e 171
4- 86 r° -0.75% driftt AE@H®Y e ™y ... 172
4- 87 r° +1.0% driftt Al ettt 173
4- 88 r° +1.0% driftt A @H®E (bye ™y ... 173
4- 89 r° -1.0% driftt ] ettt 174
4-90 HeP( ™H Y D e 175
4-91 r° -1.0% driftt AR@H™Y (bye ™y 176
4- 92 r° +1.5% driftt ] oo, 176
4-93 "H = 1 Y X0 D I 177
4- 94 r° +1.5% driftt A @H®EY bye ™y .. 177
4- 95 r° -1.5% driftt Bl e 178
4-96 HoH = 1 Yoy WX, R 179
4- 97 r° -1.5% driftt R@@H®™Y (bye ™y 179
4- 98 r° +2.0% driftt [ 180
4-99 [ "H 1 Y . "H WX, H = I 180
4-100 r° +2.0% driftt A @H®EY bye ™y ... 181
4-101 r° -2.0% driftt Bl et 182



4- 102

4- 103

4- 104

4- 105

4- 106

4- 107

4- 108

4- 109

4- 110

4- 111

4- 112

4- 113

4- 114

4- 115

4- 116

4- 117

4- 118

4- 119

4- 120

4- 121

4- 122

4- 123

4- 124

o1

5-2

EH & P:z£ ET
H Ao
E MO 2
r -2.0% driftt
r - +3.0% driftt
r +3.0% driftt
r -3.0% driftt
r -3.0% driftt
r +4.0% driftt
M
T
1] Ny
r +4.0% driftt
r -4.0% driftt
n
3k P H
L, M -
T -3.0% driftt
r +5.0% driftt
r +5.0% driftt
r -5.0% driftt
P, )
r -5.0% driftt
D] MmMAe o
2 T

i wn vn
............................................................. 182
D Yo N 183
A E@H™Y (be ™y ... 183
IR PPN 184
A E@H™Y (be ™y ... 185
TSP UPPP T 186
A E@H™Y (be ™y ... 186
IR PPN 187
............................................................. 188
............................................................. 189
............................................................. 189
D e 189
AR E@H™Y (bye ™y . 190
PP 191
............................................................. 191
............................................................. 192
D e, 192
A @H™Y (bye ™y . 193
Al e, 194
A @H®EY bye ™y ... 195
ST 195
............................................................ 196
R E@H®Y (bye ™y . 197
...................................................... 200



5-3 L ettt ettt ettt n ettt enna et en e e 203
548 o NA o LI > U 204
5--c® 2 I S OO 204
56 L e ettt ettt en ettt et et e enenasete et ae e re e, 206
B-7 4 ZE | K Queeeeeeoeeeeeececeee e ememas s 208
58 T O V2SS 210
5-9° ETABSp L I e, 211
5-10 DO A T D e 212
5-11 2 D G SO 215
5-12 E 2 2 B e, 216
5-13 E o T = R S (> T O 217
514 2 ox (2 n ot max(0.02HP)y

S 2o VSP Kb 0.4VSU) i 222
5 15° ETABS £0 oY E > 24 oy 1 2 M
B - OO 223
516 E &£ oL 9 n -~ D e, 224
517 E &£ oL 2 n -~ D e, 225
5- 18 Y M E E e, 226
5-19 ON @O S .. E e 227
5-20AI0F & 21 =7 . Tl £ e 229
o =18 i N (R TR 231
S IS L N (N TP 232
2 I S O SRRRR 232
5-24 3§ T KM oo 233



5-26 "H7%:"H M T U e 236
5-27ETABS M ETT A™H% £ oo 237
5-28ETABS M & M ATHZG KM oo 237
5-29ETABS M &M A™HBYY T XY e, 238
5-30 ETABS M & M A HZsX KM oo eee s 238
5-31ETABS M ETT A™HZ X4 e 239
5-32AH78 AN UM e 240
5-33 "H7 ATT BT UM e eenman s 241
5-34 A HZ6M C U™ ) ceeee e 242
5-35ETABS unéM A O ettt 243
5-36"H78 ATT A e eeee e 243
5-37"H7 AT B et 244
5-38"H78 ATT CM e eeee e 244
5-39"H7% AN N © SRR 245
5-40ETABS M ETI B™H7 £ oo 246
5-41 ETABS M £ M B H7%C XM oo 247
5-42ETABS M EMHZEBY YT XY e, 247
5-43ETABS M E M™HZBX XM oo 248
5-44ETABS M E M HZB X9 oo 248
5-45 "H7 BTT A U oo 249
5-46"H7: BTT B U™ e 250
5-47 B'HZ6M C U™ ) oo 251
5-48Etab ué N A B ettt ettt 252
5-49"H76 BTT A™M oot 253
5-50"H78 BTT B oo seeee e 253



5-51"H7% B C

5-52"H7% BT



EH

2 £

E



EyH & nbP:y%Lt y EVi
cywn
a EH 0 Y& HD: ywty T no nnvYn
d H GO OO My Ty n EY |7 ¥ n EY
< i 2Y921€ yyYlr o ni /4 ~H G AA W
L3> *e yXi nch «k > Mi A Low
"HE 10276 ~ ha E %zz£ Emnu MNi pLt¥nhb
7 LT EnnNyEhyB 0 i PLI P Yu p
mé 4 ) v¥n 1 rpS wLy OO0 1 n EY =
€V Z” Y ° N R 921€ L 6¢ n ° Y. o
XH" C 1 PIi R wnwn )
AvnnsA® 0 a EH o0 %Lty Y YV |fyUfgn
“EtYVY i A wCHA) L €eé /b "He M N
Yu i PLY u ATn /YWwol ot

D i KCAYu P Wn e Y 5> 0D:Mi p
L]
yy wn CAL
A nunLWHg:(1) N 1 (2) monn K Q)
] (4) DN( E) A j5)z E N 2pt ]
(6) N~ Y yuy | ° Y "Hyj aAXpH

u EAf ) (7)s Ei  Mi K cAN 4 T Wn o Ko (8)



T m M VT rn E |
ty3>Wn
AvinHY MNMBG&N M X [FuUYBO e/b w
M tKepdHyg * D v IR g * D i
y b N xy P |u ywy E |
LI L
Avin p Ei 1N i K CJAYKX 1T AAt 1] A
P& Ei N méeyY ao EH & nD: Mi
KL wAwnH pni K CJAL Z y oMH & nb P H
G i KY K Q y n € &F - Yt X
ne ~ 1 YzA Wyv(Q, ¢ E Zo 2
EH "]
Xy 0 Uy
g <
H & nP: E Bo6n . GHRA:4v Kp o
o) dbed 9 vn'H
A oM E 5 0 4de yM E EK3 1e .y M
E 3 e g
Avn e /b YU T C i /4 NB&N b
5 EDO Y Dy ywuy P ] Q yt



H & nbD: | K CJA gv XKp o
o) dbsd o wn'Hy A LI vwnMi
A M E 55 0 te yM E ElKs le J Y M
E 3 e 1
Avn p 3 Ei 1N i K CAAYKX i AAt I 4
P 3 Ei 1N mMeEY no EH & nbP: ni
KL OoncihAu O AN I waMi~ " " "H AACHAYY Bu
F9 E a ~ Y, 10 AT L M Y i

KCA 6L ‘val

o T
PH & nbD:i N Mnwn:4v Kpo
0 doed o wn'H
A o
y 9H & np: i K Q yY¢ bl ° Y
0, L E €H “Yru 0 4nNnH

& nb: MY ‘gz N NevnYw B GCHhAJ



EH

2 £

E



ABSTRACT

ABSTRACT

Keyword: Reinforced concrete structures, street residential buildings, backside
exterior walls, opening, seismic.

Low-rise reinforced concrete street residential buildiagsa common building
type in Taiwan. Due to the need for ventilation, lighting, and passway, the walls of
such buildings along the street direction typically have a significant amount of
opening, resulting in a significant reduction in the seismic capatithe walls. As a
result, many of such buildings showed severe damage along the street direction in the
1999 ChiChi earthquake. Currently, there is no simple and effective means in the
engineering community for the seismic evaluation of the wallsaf buildings along
the street direction. TSeismicbéhavidr oABRtRior r esear
walls with typical opening oflow i se reinforced concrete str
effects of types, sizes and locations of opening on the seisinavibe of exterior
walls in the back side of the buildings. Suggestions on seismic design and evaluation
of the exterior walls were proposed. The study also indicated that the amount of
opening in the exterior wall of the first story typically containsighér area of
opening than those of the other stories. This causeestsoft failure mechanism
typically seen in the 1999 Clathi earthquake. Therefore, it is necessary to conduct

research on seismic capacity upgradete for the exterior walls of thetdimgt

The objective of this study is to develop methods to upgrade the seismic capacity
of the exterior walls in the first story adW-rise reinforced concrete street residential
buildings through me&hanical evaluation and finite element simulation wehil

considering constructability-urthermore, a seismic evaluation method capable of



a EH a P:z£ En i A wn wn

consideringhe effect of opening on wall behavior is developed for seismic evaluation

of low-rise reinforced concrete street residential buildingse construction of
full-scale walls has shown that the proposed upgrading methods are feasible.
Moreover, casting of the upgraded walls has shown little voidssagtegatiorof
concrete. A seismic evaluation method based on pushover is proposed by this study.
The proposed metidl can consider the effect of opening on the wall behavior. Seismic
evaluationof an existing, newow-rise reinforced concrete street residential building
using the proposed method has shown that even though the building satisfies the code
requirementor design peak ground acceleration, the failure mode is associated with a
weak, soft first story. The reason for this is due to a strong{vesak column design

and weaker walls in the first story than other stories above it.
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1, 2max (c— 0.1/, ¢/2)

T
: h. = max spacing of hoop or tie legs < 14 in.
|

/ |/-hoop sets @ s < min b/3

6d,, longitudinal

14—h
4+( 3 ")in.

6in.

e Hoops/crossties also satisfy
Jro T — Agp = 0.09sb.f /fyr

| L and ACI 318 § 7.10.1
<6in. Straight or standard bar offset,

anchored 2/, or [, in confined core

222 . Y D

|
|
: l,, 2max (c— 0.1/, ¢/2)

/—:— h, = max spacing of hoop or tie legs < 14 in.
: hoop sets @ s <8 in.

Hoops/crossties also satisfy
ACI 318 §7.10.1

QStandard hooks engaging vertical !
edge reinforcement LI

(b) Ordinary boundary element where 5. > 400/f
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o > 0.2f"
— special boundary
element req’d.

top and bottom

o <0.2f;,
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develop for f, past opening,

As,be/Ag,be > 400/fy:
ordinary boundary
element req’d.

-

& < 0.15f/,

ties not required.
" o < 0.15f,

ordinary boundary
element required.

—— See Note below.
o > 0.2f
special boundary

element required.

N w
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Note: Requirement for special boundary elementis triggered if o > 0.2f/.
Once triggered, the special boundary element extendsuntilo < 0.15f/.
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Spacing not Note:
exceeding smaller For clarity, only part of the required
of 150 mm and 6dj B reinforcement is shown on each

side of the line of symmetry.
Horizontal beam

-l
reinforcement at g ‘g A4 = total area
wall does not 51 = of reinforcement
develop fyj Y in each group of
)i/ \l\ A H diagonal bars
\\ |1
e 1 : §
\\ 1 - o
pE
RN 1
h \ s
= n 1] d
A1 1 ] ] =N b
- =10 /
SO V/ i
\]\ —= Wall boundary
B <J reinforcement
£n
Elevation

(@)

Transverse reinforcement
/Y spacing not to exceed 200 mm

‘.....>
X, .°]
° *

Transverse
reinforcement

T
L]

I

.

\& \Ne

Te—— spacing not to
exceed 200 mm

Section B-B

Note: Consecutive crossties engaging the same longitudinal
bar have their 90-degree hooks on opposite sides of beam.

(b)Y
2-7 P I b @Y @4Y) (b) ™
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