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if automated. Hence, a simpler, more tractab/ 1odel was developed. The
objective of this model is to prescribe a set . loads such that the same
extreme load effects of the model are approximately the same as the exclusion
vehicles. This model consists of three distinctly different loads:

= Design truck.
* Design tandem.
* Design lane,

As illustrated in Figure 4.1(a), the design truck (the first of three separate live
load configurations) is a model load that resembles the typical semitrailer
truck [A3.6.1.2]. The front axle is 35 kN, located 4300 mm behind the drive
axle is 145 kN, and the rear trailer axle is also 145 kN and is positioned at
a variable distance ranging between 4300 and 9000 mm. The variable range
means that the spacing used should cause critical load effect. The long spacing
typically only controls where the front and rear portions of the truck may be
positioned in adjacent structurally continuous spans such as for continuous
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Dead Loads: Slab-Beam Bridge (non-composite)

OI8751.0" %2400 kg /m' = 432 kg /
0.04" x1.0" x 2200 kg / m* = 88 kg /m
0.22" % 0.8™ x 2400 kg / m* = 422 kg | m

Rail — > =25kg/m

Y.DC=25432)+ §~+ 2 3001603 g /m

DW =0.04*2200*2.5= 220 kg /m

Mpe = ﬁ%u;a x12* /8=28 g~
e»qu 2 ]
b&..uﬂ = IWINNMQK—M /8=3.96

Vir =25x1.33458]=39 DL,

¥, = H.wuv\un +_.m_‘\aﬁ +u.._.__..mw.w.."+ﬂ

..wﬁmua.wm+mm_¢ﬂuu.mw Jor §=2500
S 8§ Y 2
.W__i.h =02+ mﬂlﬁgw =0.84 -.@w. §S= 2500

¥, =1.25x9.68+15x1.324+1.75% 32.76=7141 <166 0K

#r=0.=10 gV, =10x0.58a, F, = 0,58x70x1.7x2400=166-

T,.gﬁo]mm.&z“

e

Y kA LN

Example: Check beams using LRFD 2007

4§ SYM
S I8 _ Fe=210 kglem?2
B et ks naa fy=3000 |,
Fy=2400 ,,
s HS-20 Loading
1 |
ESm BSm
.ﬁ. ELEVATION WiEwW |
Ira?
L
pL? Dm : ' %
LF Y
LONGITUDINAL VIEW

DTL=8.4/3.6=2

93K > xl= 0.622:M, . = 608/9.81=62,M__ =165.6/9.81=171m
93M ~ X2 02400 M, - 595/ 981~ 60.7,M .. = 167/9.81 = 17rm

ﬁ:i =62x1.33 + 17.=99"" DTL
K =n(i+de’)= 9256900+ 300(44)*) = 7539300 cm*

n=9 JIPBI0 — A, =300 , J=256900 » 1;=32 t.=17 » ¥ =7340, 7 =833

4 (E] ol
gM", nc.om+ﬁmmu AW& xﬁ .....umwuoeu =(L57

FEIASD 120018
i 25\ (a5 mdmﬁs w__.
L =00754+ 23] (25 -0.74
Sy =00 TLTL *( T200x18

M, =1.25(28.8)11.5(3.96) L7599x0.74) =170 1

PM, = LOZF, =1.0x8327x 2400 =200 oK >M, =170
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r Position for Maximum Fatigue Truck
M, =719*6=4674 n;

Compare to 62
x tm for Truck
P202 = 3265 (L-x-3.6)-15=24.12

V= 145414.5% 2 218 ¢
_ 12

R=7.79ton

X

do e L e e P B DT T

- N\W
Slab-Beam Bridge (non-composite)
|
i
mu |Jo| =0.058>0.033
L 1200
AT, =(4) 07200 ..wxmx_.um =1l.lem

256900 | 4

Swi'  5%968%12'%10° |
A%, = o =%2=025
1T 384K 384%2%10°% 256900 4 - o

1.1¥0.25+0.25=0.53

_._A%n_.mnﬁ all  sharing

[ For Hs20L: D=1.0 _

gM =0.9440.22 =1.16

450
077+ ——=093
e=

gM," =093*0.74=0.69

Wt Ao (4]
g, =ons 25 (28], (1m0 )
: _-q_n.r_..ww:_... _.r.. o) =0

o Wm. A m (1] 7539300 go._ )
&M _-paﬁ.uu TL “(awomw) =07

0.57

My, =15446.745 <5

*1.15=383 mm

n=9 IPBI0 = A =300 , [=256900 , f, =32, 1, =17 , §=7340, Z =8327

10
&f num.mwn“__o =522 kgf'/em® < 28ksi =1687 kgf /em®

Infinite life: fatigue limit state 1
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LParepet properties:

Weight per meter: Woar = wﬁ_w_m
Width at base: Whase = 438mm
Moment capacity
o base*: Moo = 125478N. D0
mm
Parapet height: Hpar = 1067mm
Critical langth of yield
failure pattern™: Le = 3600mm (calculated in
. Design Step 2.12)
Total transverse
resistance of the : Ry = 522.22kN (calculated In
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Figure 1-1 Span Arrangement

Deck properties: By

Girder spacing: S = 2972mm

Number of girders: ng=5

Deck top caver; Covery = 60mm >Derm

Deck bottom cover: Coverp = 25mm

Concrete density: We = ESHW

Concrate 28-day v

compressive strength: fo = 28MPa

m%.»_u..nea!u

strengih: f; = 420MPa
Future weari e
sutace: Wiva = 225019
m

m:ﬁ.iiﬂnﬁagww-?gﬂggs
density is 2250 kg/m. A 83,5 millimeter thickness will be assumed.
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Yoo Fior one design lane loaded, the dislribution of live load per ane
.___....\t for moment In interior baams i as follows:
-

oo EA&J@JP A

L)
Qirt_momeni_1 = 0485 lanes w

For two of mora design lanes ioaded. the distribution of live s
Inad par lane for moment In inferior baams s as follows: r..mq‘_) 1u.:‘$

: s \Ms\T x5 T
Wini_moment_7 lﬂhqﬂiﬁﬂ\_ ﬁﬂh Haﬁ
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Figurs 3.5 Laver Ruls

roman_ = 125 {194 -mm) + (0.5)-(3134.mm)
e ; 2872-mm

Doxt_moment_t = 0.762  lanes
Mulfiple_presence_factor = 120
Quoc_mommed_1 = Gexi_momant_1-MUllipie_prasence_factor
- For two or more dealgn lanes loaded, the distitutian of ive load
Best maman_ = 0.902 ulisfis.ﬂ.n!i!trl!;
- lu-.___ .

00774 —
1830

Get_morment_2 = #-Gint_moment 2 ¢ V7« L Y0 7JAA

o= 1042

Gant_morend_2 = 0718 laney ™

!B.})N lﬂ A qaY

MBI T2 4

137456 | 1
55362
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g | EQ
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Tabis 3-5 Negative Moment Region Section Properties _

The live load distribution factors for shear for an Interior girder are
compuled In a similar manner. The range of applicabllity Is similar
to that for moment.

For one design lane loaded, the distribution of ive load per lane
for shear in interior beams Is as follows:
s

=036+ —
Dint_shear_1 + 7600

Gini_shear_1 = 0.751  lanes .i\_

For bwo or more design [anes loaded, the distribution of Iive load
per lana for shear In interior beams Is as foliows:

A&0
= i
P sier 2 = 02+ 255 TE&E
Qint_shear 2 = 0.948  lanes —.
i il
22

£l

LY




b

sl

wieeyg | wibueas jo odopauy s¢ anbly

A19

RSN LIEETES = Moy

Tt T+ MO + D030 = mogy L.
LIRS = T [ty ot ¥
gLE = T B

Uitk NDDOERYPGIE = My
05} = My
Seo  WSHIESSEEGL = D0y
WG 5082 UM NDOO L R FR
T W NOOOPFGOSE L + Wil NDODESEEDE = 20w
STL= 004
MO SR

gn.éiﬁ.gnnalqﬂniigg
igiﬁ-ggtasg

11 deig UBaq o Jajes 'L yroaw vommus
PEiED a0l io4) “00) -&f:.s?!-?i-.aa

“$aie3 I Sreondde SU) Jo LEs ) Pauiguien o9 e SRaYS.
Saay B4 (5 £ pus p'¢ Bdaig umer] 89s) papndiuas uesq aasy
SPaua pody e Jo e pue '(f ¢ ders ueeg S pajrchuc uewg
BABL sesado.d uoes au) (1 € deis UBeq 69s) pausiiquee
UB3q FABY SUO(TELAGUATI PROJ DU SI010R] PBO M DL

TR e T SUWES T W E 0TS WO

V% Qn“
+ m\_

soug| 0180 nrn..iaﬁlwau

VIR XN/ TSI = 2T IvOus T eg
000E

anT “

pSeQ =@ +9p =8

“$MO|S; 5B 5| SWRAq oINS Uj Jeays Jo) sue) Jad peoj
@Al Jo uoNAUISIP 8L 'pepeoj SeuB| UEiSEp BIOW JO oMy 0

(@) Jwy ybuens soj)  seup (2050 = b euspep

Alg

Jojory eoueseid eydpnpy. b ERYSTIEE ~ L Tieeus pag
0Z'L = iojey saussaid sduiniy
souR|  ZgLQ = b IPOUSTIXeS

Ww-Z/6Z
(wuw-pgLe)-(50) + (ww-vgey )-(50)

= I IwBys peg

Buswon | Whu4s Jo edofeauz g-g eunlbiy

=9

TteHans

mi.?.&.fj____éq.m =)

ca

i

r

SO EAATD (IS gy med) o D hstrnige o) = LTy s Q@I — i K0

B s e SR T

4 1..nmm®%h Khomar ¢

-.nm_\\“_\f.\\cﬁ.«..__.\.. q__..,\_\_.ﬂlg

e R Y e T
— T

i fﬂc%n



s = (LF00 fnconpt) + (LFoG puraped - BIA W
+ (o) (P B Nt o 6
N Nomccanposs desd kel
gl :.-____.m f-gﬁ.iii.
Simitarty, all of the combined maments, shears, and fexurl stress -
o be camputed e canrog ocatos, A summay of tose e
combinad load effects for an beam (s presented in The - S T
gigi?ggiﬂﬂl
procedures demonsiraied in ihe above compuinbions fl.h..-l...-..wnw
- " e
oM 77 i
Cr™E — P aged desnd ke icormpuoaiis | =9
5 Mgt = HOAHIO A By - MM LT
P A6 X
e L Ay .
[v]a) m R : MM 3 &\vr.nw Lty Yourmer + 4
BT ara -158 5.8 Qi"\\% Pl by e ds s |rerpojas) L of
K] a8 A4 Mgy« UASKIH  Bmgar - MORREI m___..._.
.. e
LRl e
: Live ks (1.51) sl By b st
S 5 - PRETTINN
34, E] el
: e s
Tabda 3-11 Combined Effects at Locat ..t_;w?&??..v ol (%) #vevo (ro) e
Maximum Posithve Momant b r..E_...u_..
SNNa 4 onrn ) 4 v (102)
~r - '
sbapm gline.e
e i J 314
nn.\l\\._.\. B LT B e e e pe—
MABUTING Fub ik DOCTOE 8 raod SRR, M oy B
WS 1 i e ininkorciog vieel
= Sendos §an (] o we ]
TR ImsUming e duck concrete i sfesthe, aeed Lo B
~A3M1GB000 | 1155 1229 LT T e —
= 47| iie .
1 A [T Tabis 112 Combined Effects ot Locetion of
Bax hivim Hegadve Moment
A2H 65, [
E1] ]
147 7.5 ),
18407006 | 8.8 (Xl 1
-X2M5e8000 | 118 178 I
<118 26 [
~
globis
~1 30437, =34 087 1
SRS | 38 wle 8.2
1826007 | B 2z o8

sle 3-13 Combined Effects at Location of Maximum Shear




\\._L.. S ) . L L .1\.13 I\qu\.m P Gi\\x\.\.\.\, a\i&\\b.m\\\\:\,b ﬁ\ﬁkm\?\mﬂ:@ (2 ..i\;\.\h\_m\,«\\wﬂ\
: &y s
(f.ﬂ -

5

—e

A .p.h\.vh..\l\)
s

T g vm@\ 4 ﬂ.

\ -~
\&_«\.“_.\u = \__..n.re___ &\
nr:.: 25 :dk.alq... Piathatry AT

q.:i !.l w ..iz__.,:
N‘- n.lu,m. — \.u.k_.._\‘\u\llh%

— 19 U 57

N4 J Ll q)_\_.w\.\.._

"y

il GG G g e Bt G S 1

LT s sl

)



.,""'-" 5
/ P fn‘l ,..—-J”
. — 3 e

de"""%‘ ,'I:"L.“j'-‘{;.h_ gr, Ui -
t
 F PP s g )
"j-\z'f:__a_y_ﬂ},l(\‘( / 3k 1“"5}&"7,9 VY vvq ./;J-f?/‘,ﬂ“;___;
:f Yo uﬂr‘ Voa L *-Cf{-*l-”.-‘::’ifl
V2 gy 0y zn,lummuwnf,r/
€) l(ls‘ < | Witay 3iadl /
g~ = ' - - ) faq
8 o i 1 - B T B
diisind Vp;':'d‘;
'Y =A==
/_\S ke __1.2%1. J:/ré,,— Compghtary ot SV
:_:..—f};’;{.:/!é{‘f; S T W ekt Pam c_‘_,(,,,é‘___&!é_.f,fu-;/ :g?‘-
LA F e Tx T WY e
e L Lo =,y O T(oym)
L e LR -E R W (ﬂ\vi\* ') :
oL Yslede £
: LS AP _\5(7.') Auﬁ,] t.rn £ Lo VaTTe0 Yent wnm -""_fM ’E—‘—
4
2 nr Aoy, Tal.,'nﬂféa _ i“za,)
y ¥ i
- iy, Yub -2 (wmr-i’ (W’r (i ¥Ve -5 ) (w'r-")( )
Mpy(ﬁ‘f(ﬂ?)(-\-f—* ! - T e
e O Ut 3 -
] vids = a1, L&-m e Fy =y e
S A AN

Efi & " \LQQ\/TJ -+ \'{OL‘”V
L~ A {

et if' /
¥ d"l—'")&.}"‘.t‘: P S0
(_.-" u{(’ﬂ-‘ﬂ“—{_—f’.
AP ML AR .7 {\de =— C/ /

. W = Carm R (A

Yy a7
<) ,_{_ﬂi ba <<‘;V'f :U'.- /

/ e = ”N.«.IM\:

= . = | !
-l G Nnﬂ."’ﬁ'\"“ﬂ} At A M

7 r
/ ! 1‘.'-}‘/ ,N" "'"é i !"au ""'gf/(l . De. Y (}_A:’J/-’ L Jﬂl'} = o = Fa
T (f.'ff!'b/-ib’j"x'gj aVie a¥ st g ; ; —~ <4

LM,.I |ffR'L1‘V\ﬂ " ) .l L
A 73 Bl 80 by, 85 50,
- ¢ L/,—Vy/;,";:b_ﬂ‘;/’e—- .)){j//:J' [ s Lt /-f),_ L
}’/-/ ey 'ﬂ’/ﬁ‘-‘/fé}"-—-’o"{—-”sd”y” Mt P . -
. Py

b2 /ﬁ,.u-'ofﬂi,/{../f_ﬂﬂt"/"-"’ i cﬁ, Siv
J i

o ¢ R Fas RoRu Fer pegative mromant -

§c.r‘v"'¢€_£ -“:g o HOF

N,
Vs

Bl

e e e T L S R

04§




e s A
o I A I &

s ’ . . ) : U
Crd T sy Pt b g s ) LD e (G g déﬁir

" a ,f r 0 . ' ar /,. pe :
V . CV, 1C(,Iad\ T -:,-J . /‘_/,I: ’.[.. r‘-’_‘....’ o R ﬁ-le.q_f iy
E"-‘n,q.‘. R ﬂl'J/

o
YOt e

Ve—YC5 o ( )é’fd_,u"' f,,..‘ﬁ thyerior anig L r?‘,j‘rno)l-,‘r—"’_,) B

b %+
J/)/--:Vo —j .
b 1e.9.7.F_A d
E J 'r _f . 514
-r ’ 2] (’-'la.‘:\_\:",\" — =h an 5

Ma s ':_Vp @ f‘rlf 4enfian el ~ _/'i)g...

7 R
r‘:}ém{% .k y“’:"ﬂfﬂ v sl lﬂ L H/JZI»-—’ y"/‘«,—«}fﬁﬂ/ﬂ‘{/}{: stp]  JLeshl Y

v
f[ﬂfpj(/flofknj‘_._r_',_))”,";ﬂ/f (f/ﬂ‘rfﬂ. '__‘j‘ J__J/)}{-/j’/!

_fs E g
e o “;C?'/P o g s

1 Ty v s i
.Q P | Vv < Iln{?' Ksd @,_,-' "iv pras = ?Q"r é\'y =) e ol
t. v J =

"

@f lfilEﬁcs_lrifK
FO i de

&/ 1? ‘\y>'1gifj~slfdf1/

l'l/ﬁfi é \o ‘?’ = Q_’;':I'_Fujlf..,j

w

eV Ek (WPl Yxl. xda -
= (s -_—__L:.I_);)* (5 ) U"‘*’) ( i ) E
F_—

f C -
N CVp = w180 (AT, r T TL8e) 215 0 ton P NELraten f iAo

Strergh T e M‘Aﬂﬁf}'ﬁ

p? I A Gl \ 5"“ o r‘J‘J)‘L’DH,aJ FG,D
o] / 07 PR o B ,f,{,,-zslu/,p.,JJH W) i oy |
o Ar‘”m’/f ?
- b= o ij_,_ sxéyite
L r"’- (ﬂf%.r}-/f‘"//-’;”//uuf"”’d/
;p-*l.__ o) "2 pes /_, - /d
r'—j:p::j Lot e Y, Je do 5 b
o . .
/s a(.ef.\fhh- =3 f’_',:r_‘f:: cVjsA —ak=> a*__f____r‘ = MyTA—> K 5
: Potvy (146A) ~— |
o ? ] |
ar., \ ‘ T'h._"'AV qb/ 3 |’¢V [ fk{, v C_f /@ |
i o BWE Yiae [hln‘ffv -""-f.ibe |
| w 4 VG5 ( .
: - 7] |
ij‘ Y. Vft) 4 =
(br %4, « by, tf, ) r\rﬂl‘f;r g Yo (T Y /
Fffﬁftf.ﬂ“? '1(".3\?{,»!
ik Lok ”V} vA Vp o rvn (-HEAJ\ WUV, x lj'f” X \"Léo). e
3 V. Ve ['fﬂv-ﬁ- i T V- »

Via
ll-lr-ﬁ_f\

o / 5
g L
fb;ﬁ%ryﬂiywj{f“ rJ/"/{ »*"&'f”’)&‘-“: D W e ) Y2 e qu—_,-ﬁ' @ 2

& V"JMJr f,é r}J'_,U__) ‘Idfr-ub
/PV**O%JD(J"JZ"MW,—-”/JJ«’ L e ]J__. 1% )

Va ﬂu‘,c,.,u_-lff-)‘...d'.um_,;pr,-r; g g,,;,&,,du.mﬂ_;,i
(J/..J.._.-ﬁ PP for oS i) o bl anid o i b yih bl il Do porer Sy o’,wfdac g,h.-—mﬁ'ﬁmf@

e —



CLoiEp s o b ey L

1.38- Mﬁl!—

Fre
] Ek
Therelore, — = 138 | —
by Fyw
c - 182 (EX)
*.m,_u Fyw )
U/
C=0.198

Fyw = 345MPa D= 1372mm iy« f3mm

Vp = 0.58 Fyw-D 4y

Vp = 3560984N
Vn = C-¥p
Vi = 717N
Thie ta shaar resistance. Vi, Is a8 follows:
v = 1.00 As computed in Dasign Step 3.6, the factorsd Strength | Limit
Vi 5 by Vi Stale shear is a8 follows:
Vp= WUITITN TyrVy = 1883882:N

by = 356mm
by = 140 mm E+%l@g
Tharstora, :uﬁ.% oK.
18.0-t = 208mm
0.275.by = BSmm
Theretore, 16.040 2 by & D.25:by oK

Design for shear -interior panel @ support

-FMM.M
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- 0. D'y
110 [EX ¢ i il
Fyw Vp = 356834 N
138 .r»l- =80
Fyw Vi X.f
5 —
Therefore. ﬂ x 1.3 ﬂ
182 [EK) R
SO P, ey
0)? P/ (&)
m_i o/
C =0.578
=0.78Vp=0.78*3568984=2784kN>1884kN 0K

i ._."...&?g,_

oA



THEEE_“.EEIN + i

LI OYEE ST =%
z

Pz L lee'gd = oy

u_:..z
ﬂmﬂy. L

050 = M

L TR

UORORE BAIAUN ssusLng Bupmey 5g LU

NSRFEIEL = POPedyonspey
NBOIEGHE = ig
Ve = iy
NSLsOLIE = Yy
WhST0 = Ud  egmany
STEFY ‘mopmiey)
Zirio =

m?.e
m.mﬂv -

BAWgrE = 4y
i g =%
a.i

| -
5

FUAIBZLR = Byt

_E_._a_.._.....cwnﬂ.+_EEnmﬁ.EEn.m_w.. iy

01T i3 T oF
i O1x5Eg = .wlu = §
HPSEY nﬁ SFC)0Ts 2060 :Tm_:_q..n d

¥
Fj=
| —
i

ol =f rsEs s =
WETE= S <P4psEs Eo El
O e R T Y
€
Wit "= o
y UL 29906811 =) Jad =4

s [zt - :..n}E L
S0 =1t ‘mosieys
== 0z~ H.gmmw.nﬁ
£

§0=0z- ___Hu.n.w - ip
A a

Wwzigl = g Wg) = My Wwzepz = %p

—_?n#m_n %

- — -

NEBFSIEL = PADOupngey < N SLOVPeT=p'T, N§2agets ='g
(N-oosiep-5LL)+

IN-6288¥03°1) + (N -0BSG0E $2'L) = PO IL0grmey i s
CAWEHE = Sy

FUISZOp = udy %-AKgy - udy

i gy - Dag W57 - Ig = BMg

WM Buliveg g sunbiy

ALY = iy o |
U=, | e e Femimag
Ty e
Wul-ppy = g S
oy f o 4 0y desy
]
WU ZQE = I %.pp0 Eﬁu...s..“n
Tap-gre = Sy
B -000002 = 3
UGy =9 .
= ]
Bumag
My
3| Werosn
nnﬁk&f.\ﬂ..




f";/_)}) M;f“-; £ Jziﬂ/yg}:ﬂ"cﬁp’-u_ﬂ ,_f;' f .,,J,___.- o

E;.rj&h;f ‘-//f'*c“f"'\ fl’d"-—[}!"bﬁ’d-—.—-uf }II A—#Csr—'({'[""o (.IJ ) o U‘_’;{J"Jﬂ
F i = L . Inverinr pane| M—*rul'r"
) r}/’f/}:i—dﬁﬂ/‘)’ﬁ?lﬂk&i’%db f - ) N ' - :-—— .
= 2P (Ae) GO enl i pht b &
F
v,«.;u:'-"g,i,: 'q.'. T “-_‘-"'f' A
b, 3 e + E 1 ‘ r'u¢[ o b“ A IS !Tﬁf’/-q /s llt %
b L T “ . . o
@ i c.__;;;__’:;_.‘___ﬁ‘ " e PR T m..} — ¢ AL o é&'v : B
L S5 Wt & w,ﬁé" it i T
N S 2d
by 5r
o I " o % ""‘"’f
I »P4 ('3-
S \E
£ By
"L bi’ 2"5“*'. =) ‘[s‘iihh‘; b¢+" A fq‘?"“tm /
)
3- ?5 by <I‘F£p - tei_?; f\d\hg’ 'H_:F{ I {‘\rjg Yen ""/

—
12

baiwmin {J.,p} 5
s g W wyom

drved (

w Te 2bt, J “i

-

“
v ] L,s_lﬂ,‘
It v

;i;_)..'i'?sfﬂﬁ.._,ag .r‘c'}(

o) ¢

¢ UAQe 79,4V b=

I""\:"{ \:“-T) h"."VT} ;]‘-‘"/Tb—uu—u

Al
Yoty

) {
) ¥ — Ay ?;b ‘-—gJa-/ﬂ

— T WA e vV e 3 (evr)(ar) (cd) 2 | BavIE Y /

> v T o
D ﬂ* Faues DtV
b,’ Te > ( £ — F&;-’- JYLE \{r :-!T’F{U{L& :af'éy}ﬁ/_fﬂxra,flﬁ- "Z‘.
by (Lo
I3

H 0]
-!T.y.\\:’\"\aﬁ‘n.m»-" > VY ox

v
k"'?.b-
Vi l.”

= Fepgs¥LOt %“ — 7 2 mon {

(¥7~]

1 do

c“_,l};@

Ve YV /

EG of &
A s
djwﬂ';’p—ub——-’ __“:b'{u IF}F— ‘__.r-:‘;ru é—-—(_,/"'"’(/l’/"’-,_JL_'__‘_a (/’,;‘
Lr-ln . “ ‘N - ‘:‘,-/IWU&D/:"’)‘—:‘IJJ’ - ..2 )[d‘ ~ &
el e fé,,.:,,a rU[,”.._U:qna “'#w(/&"“"’ ,.JJ ol
Al i A 70
b é AR ¢ P
WPl sy { & 2 . ¥ Fr
{-ﬂ g—-"/-'u-’)‘ﬁ/ﬂl WC. C ,f'{/“""s"-"'."""“ Dg_d P P“‘_L:._/J"u ‘E{L"-" H}L{J__‘_' ,Jf‘_.,__‘ppf,!'a)l ;
FA P B | '"ig”,-r-—w(r"’,tj,n: J

5 - - I/ e 1

elodler Ly re—C(Benrig feSrS-fnhreJ(fé-.-L._..u(..a 4 "ﬁ MIZJ}(_ = "'J“"‘r’J

""“1""5‘-—-(_,5&__.-&_!7,

¥y r’,;-’) ” -




1t ” bp a1 s

. = F TRt - 6 ‘S éL‘; 70
bys V£ “ 1p sivak
ke . : oot
Whe 4‘,“1? E‘ th [u/
TR T i (Wad | o= s Tef vt f
» BTN

:) FI v
> (R ’\-)r = &, ( 'Qib)n — fodss AS
Pow - ' A T
fin _— " y " ~ '-u-\u-«
(R‘ih-)n 5 f'i A"‘ 9y, = ol fron [(”- rﬁ) (\ fﬁ} x Y & Aq]

s

0"‘, . \/
-—‘?(ﬁi})fl | (hi) L (ﬁ.}.\:a.) Lvﬁ_b‘) < \'Ol,z_;i_ tan > R;“(‘Jp(_*}rbﬂw.\-hI{ﬁLL- ‘\ﬁ LTeow

'A‘Luﬂ'l’ix...

@ IZ C_{xUW&J gé{; ﬂ. , :: y
AR = -y

[ peod

g

KLs (V0D « (vO(ITVY ) \a YA Vam

L G . :
x> L g Cres) () e I
lrwli‘?‘_' * —-—-———l—r—"' __\;‘-‘Lf;v‘fa’cz_n L = _Q,fsj ,4 thw

Ao (Wra}(1Lesea'ts) & (X ). ALV e =

v - A
____1?\}(\@‘{(‘1 ) (flbl):'!‘.i\"v <‘ij9————-"?‘9“;.!?? Fj ,A.}

Y Y
Cfvn k"- s i R e

(f- £l - )
pv\ 5 (fc”") inb.)( ALy Ve g,.") z Y VWten = P st 4P 5 '{Lqi’i'f'“:) RS | €L tem 1-/

T TR LT

1
q
i
Lp-wu—_-_.....,. it B s LS Bt st s




_ ,.,.f/%; Saper Sardchue 1,7 — Jark#s ‘g 3“"’?’5
5 L-_-";_d"

L:t-;"'t-"r/’/{ = A},.f (- 6 » /

i gt {,-’/ L..../J ,‘;.__fr-"?, 5 4 /: ~
1 p . / 74 ,,/ - Lu../ ool -
t"‘"ﬂ -.J,"J 2 u.x‘rim)ﬂwaé.—bﬂ/"ufn ()J: u{_,/,vi,,l:l{//w, ,..)_, L= ,{?L,‘_,f S Eh..-'! ,}, /,J'JC_,{,.,,,, =

e,
”)/ffuf‘”g-/a'—?uo,:wg,.‘e_;,wnnypﬂm Subfaracduve | Suder Siruive r’;{.:!r{u §

N g =~
Uff‘,{/ /Cf‘.‘rb'-'J)JUV.{JPd’("’JJu!,rﬂ-’ U/G/__}-/ i M ;’.}_ﬂrl P b(__,}',,)/ ;-‘E.ﬂ

- o~ e /
L(J/.-)‘) Y s -"(",U_;J,a /LL..J."G;&H:J&L._;,,! 1 IV

o
Ojlw‘—*cf'a{/’;‘/}/f ‘,}’Lﬂ") ﬁﬁ-’l .a.o-"a-b,ﬂ _,.J'-' Iy ._-H{'-rp PR OL'((;“...-'QP i FA
L-"',_-
% e /’JC/I}‘U{""!J} (f*‘-—'c}’bf)/!f’; L-f’--w-*"”r*’u”*f—-'—r""b"/fr

AT

il
Byeil L. ¢ F.T) cCzelnlbna ®: 54
s
e "“'J :":: (23t T D s TN = L\T:tﬁ}*“ﬁ bL';&o‘."-;’ ot
' : sl —lres.,
LLﬂ FB i Tl VT W gy i 0 b2y e p Ty 'ﬁc‘—‘f{)
ot i LT WO
po g o, e ik T “TAY  BaTe o

Lffit.’/;ﬁﬂ..—_,JU’,;‘x'.wUfLﬂ,{?qu/ @ Gradior Temp. Sigpe)
i o i '

AP rpn sy Vens b=

rrrarta O

: S

=5 ,P.r cach ‘c""‘ 5 Y 5!\!}1&6(

- B, i
- Clean, (farderz 21D ) D 1 AL

iy 2 3 e = R e
y el Zprtom e e sy B 500
g ;-KW!E;_;‘ ‘Iif‘rflﬂi.-m}

.-_’/‘[frof'/})’ (_ﬂJJL—V‘)J) g"—"/)yf{/"--'g'n—_—.

— 4
_,uz-“"’p"f’?"a.“-l Sealant tQ}JW/}f:_,}//Jf/(//LLM/L’prJL— ).?‘g//c/b-' /-—,c/f TR T 5’;, 510
= o %
xf/t//.{/,hﬂ.ﬁ {'//»//‘J’///c}:ﬂr“-"ff“-’ v 'réf")-j#: S P _,,JJ,'_LH;pj_;_',)f,;f,___
/ o e P
(f‘ .7/—* //I *d-.«..-/" Gmprefion fen | -——/——-j';lf—:“/(-:"“-‘{{fJ i

j
— - ;

ek S0l ks ph 1 Stap Sal 3l v

A (ohtts bt pr - Stip Sy _ ZA Y}



M aglu (ay Jeovhis «— H/—'(,l-ﬂ 55':'\
|

u”fc/'" n_,»‘/zJC)-’P‘-" J()A-u- -« 57
,Uj/—" ‘..'.—u_..-",:. ' 5l'|

/’ o JLLLS::J-’;-»‘ P o
(f_‘—"/(/pé/-ﬁ't’f"“/,i‘(ﬂﬂffafmﬂ) ‘_/J/;J)(") 5“"’ T e Ll I
c/;,.,,.u/" ' L;rf
(_.--'j',; (28}
J? / L

~ C/’.ér__,{.{/fd Lr:-"_:l yg:,:-"; Sfro
)i = ” ' // %, 2 5-:./- 1]
‘:’J}/Jjj” “P(‘W/"’y"'ft)’ j“l)?'m L/'"(WUJ*—JL‘()!’;” S, bl s P r
ﬁ’,rld J)’,I?J"ﬂ-";'-/"/pﬂ‘/i (,/valnf(mﬁoh cr" U”) =¥ 0/_;.{ s g Wub}-’/—f/{;/ WJ{SDM,)‘_/J,—@)J L-nf}- 1 ST
T P Py cfh*fo—_.ﬁf ’J“”}""’" ﬁ (ahmc»-") Kaler benrin d**wfg’f‘f’ﬂ“r—*-“‘
. ("““"_"/"*""
e > [_—:3 4 '{5"’" /f’fz")-r- ,;-,-L/—/Uo...-l-ﬁ’ ? - t’aJ/'r’J' Ciqﬂaw,c - u"’""—--’f—cf/"' =
Zz e e
J//J*U’M//dﬁ’ﬂf"f’#b/‘-f’tﬁwﬂ L”-—J/uf“’—-***"’w“”’ o
F
b Jf/g/ (_{n);&p) /L{/,, ,b ke W—"a’é’;’f’ﬂ 4 "5 MHJIL{;’-’WU/-{[/!—-#F- EJ"’ Ly 1e=
=
2o Y ‘;‘{/)'Lﬂ‘—*’u’// ('r“/"{;" S
v
f /r‘—/_.a-m- }’Mﬂhnhdj}/ U,&;)/g.__ kpuckle j’MJ‘_’UFéH’LfF‘——/J 5’

€ plion e~

8 B T . | borig e— - i 5%
lj el Pl o o T
— — - . — h
“ K ley ﬂ"’fﬁ . )

-
- L.;):’!"J f-'*. - T
U—‘-'g/J ﬂa ~ o F‘D{kﬂf bﬂﬁ"ﬁn. e - N ’ ST.‘

g 2
UWOUﬁJ}'_JJowfJJbu}; e __..:/5.«!) « FElafaereric Ham':j . 5¥

é\/}' ﬁ('pJ { (‘ﬂ(—J 1 5rE
= WS ﬂ(/é e 5 N l e ) P
. Vol Calad -SG5 # 5 Wi ZF Plapde B30
: J/]” Sl
— =AW AT A o)
R o A jie_ 7
r"_/v;v‘lb‘{jﬂk‘{ L,-),,-JQ/()"?.,—‘———/J: 25Ty
: p B
5 o — ;9%e
(/‘:,/ ff,.u_.- gl Tes _,:,,Q/,’r’
oA 2005 amuwf,,HH/U!uU;/)/f/)(’J/(/r"»'C/‘-"’z“’U”""’” ws azfr -

Gumha ._.-M/)u“’r.u}/u-/l {r:D___,Jf/ {fg. Ses
Wit e
//ﬂ /J—éw(//J {!Q)V,//C//"f‘/ ’(’/}"LI’IUH:‘/Z//#”W’M" J/{’u’id’f"uﬂﬂz “Jﬂ//;—'u(P LA f_;__/ BARY)
(5('& )};J%/ué?U—L//\__}}@rﬁ‘f?HM{})ff! -!/) V‘{WJ‘-‘//H{JJMF/)/,UJ‘/-{J,)/_/,-—/ ‘—V‘)‘J(Jr' Q)J

/ s
j . 5V
d,,{,i,),/“)',u/g Uj,;,,,a c/'-"'" ey ,...-/J,;..g,ub - Lb"“”{'i sl o poisw 2 o 3R
/Jz.uw,-‘”/" p‘r-U B stee | rfrhfnfl‘(‘ff-f/ s €ln She baric u"u’u?
(AT ). o mlat ke /58 e 355 LS Mo LW s 2020 b WPyl e Lo




/-_/ o

-/)‘]M 3 8

-

T ) R
,—/f(;lj\fbbb,;k_-yﬁ,—fvhwﬂfl

#
f_JO/W/ L(QJ{,-*L) Elagrc meric _._./JFW,-@/!,J..L/;-_-L» bcqn.t] <! 5
o r
Iﬂr,_: € “1!.‘ = L:ﬂ U,,a.\__xa_,poﬁ I"h' (}’/‘")"{_} N J”e
L@ S

C,dftfﬂb ?}(PF (Yﬁﬂfj’)gf‘/‘,ﬁf’” ...«--{,,,:P Katorion oL e r;‘-u P
(Ao h fphebie WL Lok Bt t.(/f,,mJ

_____:#« He y wga-—é. s LW /1
: - o Kinfere s los s 0 - SE
T = ey =z -
£l ¥o b T sy v )
G he 8o Maas U6 | o i
\—"f by 4 G
b Ja\&
ﬁ}f’J;-e‘-i ‘.“_;-?;" ¥ hcpr ;Jj/ 4| - @ Yﬁraﬁ", C};”
{ 2 PLere ® - r‘:},g’v — Sttel reinfore - Elastemeric « ¢)rs 1 4a
N ¢ Al i
L""(,-’ﬂ...ﬂ‘;f‘-’/b rt
- o
ALs«L AT e BT o« Tableritrid . A Spse—TU a”f}"w . I a2y
—— iy g
Le¥ —Shrenydh ;
£ p) "“\At_r‘;f,m*uu{-"c’-ﬂ’/v/ }’/..-», i lr"_"f.l--' (_/JJ’-F‘)FTU /b.__,..-:"r" £ o
T —service -
) oo e
/8 *’br’tﬁff#" - w E e o

o .

| «— Serwie

|<1-1
ol ova

01-'-9(' L{@_/“\"Lﬂﬁo_.fakierwﬂ_t .(_fl,‘:.z_&-‘/drfn

» . n i —
_)ﬁ/d._..ﬂ,ﬂ XSLF ¥ v l--'(——j"{.;ffﬁ'(f E-l; J:'fﬁy'fl. '_'{-J,J)/Jl‘__‘.r—‘,,]_ q,_:/_p-n—-‘f; Dr
‘95 . 9'_4, BD a oS D ned . Ags:'Jng ,v'cc;ufrfhen-f e I5:80% _,..,r . 51
“’Lfnﬂ"’/(}“ﬁﬂff/ﬂf’gf’{/f~H.‘sQ’q d ‘F___ch/,pl(_l/(-’ CP !-‘na”‘{;f/f'l‘l}r'l — '5_ % 1 /"'_'!SJI-
l".l’t
;,Dzﬂ;,a;; 74 ) B¢ « rotarion -3 3M 4 rzz by 51\
A M o A J/U'Br a/LJr’/r ,M,‘.,I,y(_,agc I—)_l‘i_ -— i r

rt

‘J#C}H)‘I%’HJ;-{/! £
w:tfﬂ;sr;{,}_;},}'¢. B.5. (E.V3) X posheol B

(1L.ve) S merhed 4
= rA e
P P 2 0/ SN2 Bl T

e LA e

} ‘-r?e//',})’/,—)l—- |€4V;a )_-_', i J}}/(,’/é’fj’(f:j/“rza{f‘) :s“i

yJW!G&/JI'IQ/;b)!)B‘;J#;Q!GJ‘ S ST W .

/ /
uru/\./uf'd(ii'v‘-b Jﬁ,-——',)r",rf, f‘uﬂﬂ(p—/_.y/,u..-ﬁwlii’?u—;’ /"(j///ﬂ')“"’L{'ﬁd /;._;.ou_/,—

N ]
,__,/,-;,_ﬁﬁﬂ,,‘_\ { % } 1LV ) =4 ,_a.,,.‘__g. “Shap érw‘_#y s e
L .
./_/_,J/J/_,,)é..,a,,_)./ u// “'{’_’ 1< V.a. v e e éL-f — % 6!. e Comgresfive Jaﬁm :5is
§ P
[ﬁ/r'/w"“ Er:: ErLe Jl}’ff"
" v ; sl T
sk NG WK Gis 1Ml it
Oy IO &:d‘,‘kﬁﬁ}_' g}e’—} (;;ru‘/ C_‘l' ‘Ii V., }',..-.J é.-ﬁ i -1
G, s S [ '-\____ o515
ﬂ = ’; ,g-:'_‘:;«ﬂ/,'-‘-: ‘l'(f HE, ¥ [?' | - I d].ﬂ‘-ﬂ
G119

i x — - — E e e TP i 3 - e - zj |

i

AR e SR A A
ek

e




e5ighe Fepuirtmanr «— A L WY :
é, CVmps desighe rauitean A o o (LT L sy

A g, ;
6-‘ {as S -_—JJ);"‘E/!(}/(‘:‘/‘.’/IIJ_- Ii.V.f’-TJ-T s e— G]hanci;si'r{ s‘h"{sj (-f(_J

P e e B ERE L2 ws 7 Heflecsiont ¥ . SIA
fg af}‘ﬁ ¥y XLE ,nf,)),ﬁ’f‘h'b’f G"—J = . o .
eVl w MEOL Lo Shenp 7 25D

VLV T A ,9( s Ratasiom __.5; B 218

//,C)-"‘) ”(”G}ff""{u/h"’ i'\.q.{’ = )J-g — hz-V.‘}’_f', ¥ )-:-‘ . e Sf“blljr'{y -—-‘("é ;5T
T -~

¢ X 4 s sk % tia
CAPOG 2 Fompipirios - WAL e s 62 A

B dt:; £rr——

~ /7
{rmnr-nh,éﬁp‘,/c)f},,é‘,}: U—/JU’ oo, C/f,Jt_.JgucP r S
f l_.-‘-’"'f ";jﬂ &:
% (f/’ L fa-‘ /('_r}rjzuu’ FE — L‘JE»- )g;,‘(w{/,/g(_,/__’}ﬂ},uﬂ/udfxmﬁn /)J/i’(‘)f)ﬂ
b }ﬂmmnuéff/;-i_?f,‘ {,-,:J,Ttv:: eI DS oy ot U'f:“ v
L
% 4 -= * £ . y 7 _ ' e i .
_,/J%*%%’:{:rfd'%“’i—)rx’/ﬂ’%-é FE 227 FE ybrEE Jho» G ka2 e b b U
i
) YT ) Y
{"*'—"‘J’Mf//"_—-/(_/-’c})p/\fvgf /“___.dpé'_,‘ﬁd._/f—”e—fﬂ—-'/) rj/r.e/}-_—rjjéﬂﬁ‘_(f) E{ p-.—/y%,//}d ’f(_(,’f
w i
)a,;____#{/p u.gf’m/,/-ﬂs-ybfwx:u/(ﬂ-frbﬂ@ lﬁbf“',)/;f-‘_,-",u ..__/-’/"@ ==

failure G Un S cutiy
z d e dit )
J)"'}‘:"'/I,"_"{Frl ),u;'" _"(/E-%:)C:’?;‘”—'d"'" Vd-ad

P4
\ua
l Wa ey / r' ﬂe,u[flan //JL: L (U e
e qc X Ty ,J/J,Jnam“u P e f,JZ
/ ‘
Rovto 4,0 {k{’l IERGAS '?{}"(b'tm\ 5 ¢
) —4 e (Rl Ty
S,
= Lol . ~74%ARIY . SrAten |
DM; _— R = s 5 = Q’ 1. g

5 . e s . £ | ; e / J; "!"’Jj
iy st e s =Y pePr e AT

: €= o A S
8‘/:’., AV ___3';_ N §e =¥q . zj/\_.{fp iy
V¥:- v7__ __qa\/ r,_lrf\( =
i X
1{1"’, ) peIX :?-;.-—)-:-MS-
é g e ( WV Pl V=
gos . Vl: e 1A
Vipe Il 4on A)J)y&;,;}‘_{{o._@ Rxa SYOIN X AL 2 YDA to el Lt L
U‘;,r/v’@/‘{’f:‘— ;
Vus-t'ﬂ;ﬂﬂ. ten — Vﬂ«_.!.‘r,'f'x?,q_,mt i

7 -
ﬂ%:“‘ﬁe“ ""‘/‘-’//""&W"_" B T

LR |7
4 Vow = (trvy ):hr.,f'- —

ftv



Wi

lﬂ'
= J (u"b st Grer 2V ! /ﬂ-’u;’ 1ot U)o b &7 ma

_1;4;9_4 L e
¢ Elastemel Ewn.:"j Jb e

e—s bt d e ©

W;*Q(H 4 L‘rtch
g i
Y L P s . ' ——r
g3 gl ok (5&“"‘(3 Tewp, 2 1 C)._',J’L.auué G.¥ '94 T‘n.vv B D e , a—;;'r
.
(C/”‘u-‘zdf/f"u? Aai s, ) (P2 /m,»f,s,rc/,),."u_/ ®
By oL AT
-
o s Yk, ,!f g Lo \Yes €= plethe "
¥ i o,»‘,w{r;.._[ =¥Dr 0. )(n’.,)(ut), D Eoa
T 586 Be¥s'e g
BT .y fay ‘ool {5»* . =,
. EVINN. | —Rerag s AANC 0 € —parx L TGC
=0 %3;:‘_“ lds-l“l"c .&u‘g ﬂr_..a“,lsl'{h)‘]: A
VEabeba )=t (A plyo-o Ol L sy Ctponsion :wf:).mszxms»- -f '-'v"f’f“tf”'-‘
Lw YEXTE  _yay £ E . Shape fatder (D)
S5 ; ‘
YLH (L+W) o ( Bl Fhyte 4‘:““"’ l‘ﬁ e L L Lgrsl Lo

¥
E,. 905 - v (v ve) =X ¥A K

U,L'J,:_me ( Cig.7rx-1)

s VEMEOY
— LHNL I
‘;5 { ')A..r

@i Jj' 4 Vmpa cye %'

by ¢ B 5. wIVar): LAY ce

'6?’1&‘-"_3’r1_1-
2 . O, Py P )
= pre = __L'i_‘_‘__.[-_ lass « XAAAS ™ -
5 ——‘q—— Lo H =) b v : LA é—-

YL xea
Yo

szln... 'f] 2. YaAA. 3] )

8 dgpand
o —rusr P ’ o K%‘

eF a7 Nava
bur P teme i) "5%,
A YL atE

V3.V o A Elastemel
: e * —

-~ P o
:U/J/"‘,-?('”)'L/r‘l E-f'r/.‘/étlf:,/,fdr:uu”!‘ﬂnuj’/::u‘.- cLJ £

S T 2—_/_&1. 4\./.vL,t

C R 0

o
St

Ep: i wl |

[

E"‘; ?—.——’- ﬁpfﬂ —f—%—:“dpl J:Z.

Oo pfum-un' e, =3
5 hr"" Moo Sz ViIT
l-r' "éi_l' = f:—:-:: o AV k:'ﬂ// t'r.*lf.""ﬁﬂ _— GL 1 i"TL
/ w
.o 7 . b -
a2 (59‘_;//_;;# - o he E_"f_‘,ﬂ P | . é(_, -f‘i'z!ér,‘_.u/..t‘d =3 Ecmq,_ o

E)':jfzr‘m

§ Tt “j/_ "

7
se g-/(aau del legrion i) 800y, 5 o 4.: L ,4¢ =2 .

LT e ks TanTan@ans Cemprelsive Deflgc.-.'u@ ol

o
A ) et

= =
=3 b‘zbl_* Ep: [(_;J*_I_YL)J“]ﬁﬁ 3 .leCm(/.V}\ﬂ: -/_rf_

|'|.=!_,.¢|P E,’l""

o Comprcfiive Stresi  Check @ __}_,

/

. C
— VL lydpiecnalg

A

/r

S A P S T P T A b

7
Ve (ode Vo i oY) 5 /X0 = X2 < _\ii

NERE

il .
e R

o,
<
AT




u.i'p-' -‘1

1Ly v & Ra‘Hﬂ forn Chee e - 3
9 i + @ o &
5, > ./D Q2 ("" = S

lfl. "
e
.'.aarmfe — Q:ADJ__) W=t —w 7
9. ——— ;r‘--—-)u»'} i t.‘r"'cw}"NL
4 iy B Loy BN
stetinn Y Caror sl ood Giloh—t 0/ /—. ¥
T 99 x ‘;b)yg—‘ MH«O!: b"fiq’t'ﬁ
L T 2 8
* o e Mo L Ls IV (aAse ox 1 .‘JU\‘ )
£ Gl.l. = Eﬁ— ———_—m—-!—'—'-_l> ﬂur B Vel Yir — 9&.— =nfgdf0 ﬂ"‘.n‘ i
el P o s i PO T) (VYA
.Jp-;‘- Dy s 4 m ok BRREdR
JJJ;UUJ,-JMV@ wv’-v*-w’r"“m
._;——‘J{JJULH‘J“‘V/:J/JJ Canbey
9 4 ® 7 / gm-_-’ mf:m&/;‘_gaf;f%‘:;"/zby’)f
'-"],.l

Jradle + gzrby xBoxby —> Jr’f/ffﬂkf-“*& WYY LA = "’f/‘”‘piab
ks 2T s ot
RN e
Nba’dbg}ﬂJQ/f"U)’fybﬂﬂo’/m ﬁéfbg/ff o o el 7ole Plate o

rd d/r‘-‘

Voaz
QrLsgu\.Q‘.w‘r:.{qibk-j-.@ ':)QTL,.’]_.qéﬁ.,{{ IE-C—' . <(.Av) :.f-ii.‘f /

/ i A
h ) (5 () v o Lo S

&
O NIt s (ervyxl ) ONeq) 5 o fes¥D Rad
e} (M)

;n‘) €t %Y, S & TR I 4

l’ ~

o " " £
/J\/;"".uﬁ A “J.‘Mr-tu e (ThiA & Hy}

Y4
At X6 sof AV Rad 5 /p (V)(V-fl'"]( -

—a By ofe 1
y

(‘"’)@!‘P/'%"H’“J
f"d’f’@i"*’ —2 Brps . A8 L L ;at‘f][v,if)(.-)( ) hif“’/%}iﬂqx

Sele  plaic :—w’z‘:-—..:'"

N :
B :
o - 'r(-:‘r}ah"’tr / v Shar cheek @ 5 }
h& - ng S B L VL0 . Ly 4
d = shem / ' VLR &= GMbJJ;/ Cheke @A) o 5
h 4 L. ¥ heodew °
;L o \4,“; g e
4 b g S YT VYL Bachareage @ +5 |
455 H, »/wufﬂ#w*w L L Anc 4 2§
[

GA.-- MH"‘VH/)(H*Q‘*}" )—qus‘U’“fﬁﬁ{ Pp, '“:T"( e /

hre

L Tl Hu 5

i
-E i:
i
{

. |
ke An U“bfﬂyf. 'FL:J

P A
s (f'ff"-’{i.’/»”ﬁf'i://}(,&?’ e 2 )
Mz e (/0 I)‘L‘_

rt

- -lﬂa [
oy (18 % ¥VPAX aarr-)(_/__—)_w“ o X5 LV gptens W LGt
Bt

.95 XA BT — Ma s
i
rs X0 x vl 5 chf,{_..-L
¥ .
'g}’ 53” § oo BB e }:-:,j:v‘{r“:-u:;‘u'z
i = s
o - . Sole Pt ot @D Vo
iF B S G gl gt | ¢ g —

Vi > ’

Vg v
oo 20 4 - T
506 V. T A D — ("wﬂ'n‘ sle plaie /v reindertemen 20

e e r S

e A i e T £ - T m— e




LoTeya e L

SRR L L

™ — v (rf;-’,;_-_,_,{,bbaw; :U‘,),}L'Q/J \\.ri_-,;o-:.._—-, h,_“dch P |

e

SRR

L S

(Trwvanr-r 1y Gy %r o tur 5O o-}:‘—

A -
CE20-243 Bridge Design Dr. Maleki 1396 - —egy Wy e
MeTwos A e s
@ |Elastomeric Bearing Calculations Lavee wa¥a™ S 50
mesadng: 24x35x5cm
5 x1 cm rubber layers,Duro 50, — > G= 7 kglem2
Setting Temp.=15 0 C __Trutvel=l L erana0. 48 10 450
@ Deformation Due to Temperature ignore creep,shrinkage,no prestressing
Description Value
1.24, 1.2aATL 0.60 cm
a temperature deformation constant 0.000012 per degree C
AT construction temperture change 35  Steel Range:-18-49 oC
L length of structure oo ER LS m
(v) |Shape Factor n
Description Value 0.266
5\ LW/(2h,(L+W)) 712 Shape Factor _““'E= 3 1,924 kg/em?2 bia
L length of bearing(along the span) 24 cm gumba 3,218 3G(at)*2.n 1.458333
w width of bearing a5 Ecem aashto 4,390 graph
|hs height of elastomer layer number,i e em Irfd [2.128/6GS
In number of layers . 8
@ Compressive Stress Check(AASHTO 14.7.6.3.2)
Description Value Zatdf
a5 (Po+POIA&(P)/A&(Po) /A 43.90 30.81 13.10 — oK
Pp compressive force due to dead loads i 11000 1.0GS = 49.83 kgf/cm2 JE
P compressive force due to live loads | B0 70 kgficm?2 @
A area of bearing = LW ; §
@ Instantaneous Compressive Deflection Check(AASHTO 14.7.6.3.30r 14.7.5.3.3)
Description Value P B
Ac Zitg hy 017 om <00V hWE =407
hri height of elastomer layer number,| 1 hes
e compressive strain from Figure 14.7.6.3.5 2.4
Em compressive strain from Figure 14.7.6.3.5 1.00 %
. Add 25% creep effect: oer 025 %
La,.. compressive strain longterm 3.66 % <=7 Less than or equal to: 7% OK
(%) |Rotation Check(AASHTO 14.7.6.3.50)
. Description Value
o5 0.5GS(L/h,)#(8in) 27.17 <gs= . 43.90
on total rotation due to live load and grade 0.0095 <=7 Lessthan:2a/L:  0.0142 OK
Bconstr rotation emor 0.0050
By, rotation due to live load = (M, L/3EI) 0.0045 radian
My maximum five moment w/o impact 5846 tm The rotation check fails, therefore we will have fo use
L length of span 12 m |a beveled sole
E modulus of elasticity of steel 2038000 kglem2 gl
I moment of inertia of steel girder section 256000 cmd- IPE700
i rotation due to grade 0.02 Due to cambgr, dead load rotation is ignored here
(1) |Shear Check{AASHTO 14.7.6.3.4)
Description Value
hy height of elastomer bearing 5 cm >= ?Greater than or equal to: 24, = 1.2096 OK
() |Stability Check(AASHTO 14.7.6.3.6)
Description Value
hq height of elastomer bearing 5 <=? Less than: L/3 or W/3 (smaller value) = {g ©~ OK
( |Shear Force @ Expansion Bearing(AASHTO 14.6.3):
) Description Value @ Anchorage:
i GA(Ah.) T2t —tRg = toss tham Pe1e= 700 OK
G shear modulus of elastomer @ 23°C 7 No anchorage required
A area of bearng 840
Ihn total thickness of bearing(rubber) 5
Moment Force (AASHTO 14.6.3):
M=1.6"0.5Ec.l.0/hrt o 1Y orzt?acrz'a.zw.saw NG use sole plate
M=1.8°0.5"2126"40320"0.0235/5=1.45 t-m
R Y g2
O R
1=35'24*3/12=40320cmd > P
| Ec=6GS*@=2128 kgficm2

v |

k
|
|
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FIGURE26.4 Bridge layout

26.4.2 Design Example (Figure 26.4)

Given
Pla ,{/._ L = expandable span length =40 m
Ry, = DL reaction/girder =690 kN
Ry =LL reaction (without impact)/girder =220 kN
0, = bearing design rotation at service limit state = 0.025 rad
AT = maximum temperature change =21°C
Apr = girder shortening due to post tensioning =21 mm
Asy = girder shortening due to concrete shrinkage =2 mm
G = shear modulus of elastomer =09~138MPa = |mMpa
Y = load factor for uniform temperature, etc. =12

AF7y = constant amplitude fatigue threshold for Category A = 165 MPa

Using 60 durometer reinforced bearing:
F, = yield strength of steel reinforcement = 350 MPa

Sliding bearing used:

1. Temperature Movement
From Art. 5.4.2.2, for normal density concrete, the thermal coefficient & js

o= 10.8 x 10-°C
Areme = (ANATHL) = (10.8 x 10-6/°C)(21°C)(40,000 mm) = 9 mm

2. Girder Shortenings

Apr =21 mm and Agy = 2 mm

3. Bearing Thickness
h., = total elastomer thickness
h; = thickness of ith elastomeric layer
71 = number of interior layers of elastomeric ]ayerur
As = bearing maximum longitudinal movement = Y (Aremp + Apr + Agy)
D A;=12 x (9mm + 21 mm +2mm) = 38.4 mm
WS XL Shear theek @ p = bearing thickness 3 24, ' (AASHTO Egq. 14.7.5.3.4-1)
hy =2 x (38.4 mm) = 76.8

2 Dy bus F,ERQL-\-“;..‘TJ:\"AJ, ﬁ_,_:i

L A

TP e

B Sk

Tryh, =120mm, b, = 20mmandn = 5

© 2000 by CRC Press LLC
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|  Shape Factor 12

g} 60 durometer
reinforced

. *—ma-s——-

85/¢g
5

Compressive Stress (MPa)

R T e R
Compressive Strain (%)

FIGURE 26.5 Stress—strain curves. (From AASHTO, Figure C14.7.5.3.3.1.)

4. Bearing Size
L = length of bearing
W = width of bearing

; ; LW
S, = shape factor of thickness layer of the bearing = — 2/
pe factor ess laye earing L)
For a bearing subject to shear deformation, the compressive stresses should satisfy:
e B
O = average compressive stress due to the total load < 1.66GS < 11 M/ (AASHTO Eq. 14.7.5.3.2-1)
O, = average compressive stress due to the live load < 0.66 GS (AASHTO Eq. 14.7.5.3.2-1)
RouRy

&= R _ 166 >
STLW @h(L+ W)

Assuming oy is critical, solve for L and Why error and trial.

L =300 mm and W = 460 mm

(G‘D;?Er_:ﬁ_igssﬁi% E},h LW _ (300 mm)(460 mm) i
s Eandy =€.59 M& 2h,(L+W) 2(20 mm) (300 mm + 460 mm) -
:51,&-5 GS<T.5, 11 MPy &= (Sﬂtfl;frc:)oﬁlg;m) =1.6 MPa .
<0.66 GS = 0.66 (1.0 MPa) (4.54) = 3.0 MPa v/
@ Instantaneous Compressive Deflection
For o5= 6.59 MPa and §= 4.54, one can determine the value of €; from Figure 26.5;

;/’, /{gﬂ?w,yé& 0 gt ?: o9
o 5=y &7, - (AASHTO Eq. 14.75331)

:L ’ Y =6(0062)(20mm)=T44mm < ..4 hy,

“ o AN § M}

© 2000 by CRC Press LLC dl;.};”/j_'zﬁ—:l’l)
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5§=1.3-0.005L—0.15h>1
(h=0 , L=2.5m )
5§=1.3—(0.005 x2.5)=1.2875>1

Podiy b4 bgiye S jlaie
M= (4776.29 x 1 x 1.2875)/1.845 = 3333.05 kg.m/m/
M1 =(4487.23 x 1 x 1.2875)/2.035 = 2818. kg.m/m
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Mi+wi= 3333.05 kg.m/m

Dead Loads : /
DC: 0.2™ x & 1™ x 2400 kg/m? = 480 kg/m
DW: 0.04™ x @ 1™ x 2200 kg/m> = 88 kg/m/

Ve 1 (Z";ﬁ_”) =+ (480:02'52) =300 kg.m/m /

74 2
Mo = & (%57) = £ (%2%) = s5 kgmm
M, =1.0[1.25DC+ 1.5DW + 1.75(L + I)] =

1.25x 300 + 1.5 x 55 + 1.75 x 3333.05 = 6290.34 kg.m/m

My =6290.34 kg.m/m
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dpop = 207 — 5 — 0,55 =14.5cm

& M, 629034 TG BHE
" obd?  0.9x100x 14.52
3000

m= fy = =16.8 -

0.85f, 0.85x210

JIs bl a3 05

=0.0124

- 1 2 % 16.8 x 33.243
pP= bd m 168 3000

Pmax =g Bx168

p=0.0124< p, . = 0.019/'
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3.7.3.3.2 Minimum Reinforcement

Unless otherwise specified, at any section of a
flexural component, the amount of prestressed and
nonprestressed tensile reinforcement shall be adequate
to develop a factored flexural resistance, M,, at least
cqual to the lesser of:

¢ 12 times the cracking moment, M,
determined on the basis of elastic stress
distribution and the modulus of rupture, £, of
the concrete as specified in Article 5.4.2.6,
where M_, may be taken as:

[.5
M_=S(f +fw)—M¢r[ S‘ P

(5.7.3.3.2-1)
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e Jb o=l - a3 1y
oM, = 1.2M,,

_  bh?
Mo = frS = 2\/fi x——

100 x 202
oM, =M, » M, = 629034 >1.2x (2 xV210) x+ = 231862 kg.cm ok
A, = pbd =0.0124 X 100 X 14.5 = 17.98 cm?/m

17.98
3.14

~ 6 < Spacing =%*-—: 16

r

Use 020 > A, = 3.14 cm? > Number =

Distribution Reinforcement : ( ;s slbo,5b,0)

9.7.3.2 Distribution Reinforcement
Reinforcement shall be placed in the secondary
direction in the bottom of slabs as a percentage of the

primary reinforcement for positive moment as follows:

¢  For primary reinforcement parallel to traffic:

1750/+/S < 50 percent
s For primary reinforcement perpendicular to
traffic:
3840/+/S < 67 percent
3840
AP =——==76% >67%
V2500

Use 67% = A9 = 0,67 x 17.98' = 12.05 cm?/m

12.05
3.14

~ 4 = Spacing =125

Use 20 = A, = 3.14 cm? = Number = :

Use 020 @25 cm ol aY y kil g Jeb sliwly yo i sbaygitesl
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Temperature Reinforcement :
5.10.8 Shrinkage and Temperature Reinforcement

Reinforcement for shrinkage and temperature
stresses shall be provided near surfaces of concrete
exposed to daily temperature changes and in structural
mass  concrete.  Temperature and  shrinkage
reinforcement to ensure that the total reinforcement on
exposed surfaces is not less than that specified herein.

Reinforcement for shrinkage and temperature may
be in the form of bars, welded wire fabric, or
prestressing tendons.

For bars or welded wire fabric, the area of
reinforcement per mm, on each face and in each

direction, shall satisfy:
0.75bh
5 905 (5.10.8-1)
4, 2(b+h) f,
0233< 4, <127 (5.10.8-2)
4, = 275x1000x200 _ . wm? j’fzgg
* 7 2x(1000+200)x300 ° mm
o233 , 8 , o _
UseA=021—-=24"2 | Lloyg/le Jt,i
Use 98 > A; = 0.5024 cm? > Number = —=— = 5 Spacing = =20
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Slab Overhang Design :

Dead Loads :

DC;=0.2™ x 2400 kg/m® = 480 kg/m?*
DC:= (0.8 x 0.22)™ x 24005 = 422.4 kg /m
DC; =25 kg/m

DW=0 (P‘-‘-Ffwn)j"a LI‘Jb‘ alailoes (J’.-:'_su C.J'LL.;I ’JOJL_..: 59y yw)

480x125%

Moc = (22225 + [422.4 x (1.25 — 0.4)] + (25 x 1.25) = 765.29 kg.m

Live Loads :
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Table 4.6.2.1.3-1 Equivalent Strips.

Direction of Primary
Strip Relative to
Type Of Deck Traffic Width of Primary Strip (mm)
Concrete:
e Cast-in-place | Overhang 1140 + 0.833Xj
Either Parallel or +M 660+ 0.558
Perpendicular —-M: 1220 + 0.258
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Mp; = (200 kg/m?) x 0.8 x (1.25 — 0.4) = 136 kg.m/m
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x kg.m kg.m
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Mp, =2724.77 «1.35 = 3678.44 kg.m/m

3 kg.m kg.m
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3 JP’A SECtiOﬂ L:JLQ:_- )E \SJ‘_ s J..J Vmax g Mmax J.!.}Ei.a =

Section 1 Section 2 Section 3 Section 4
M max (t.m) 635.12 942.06 - 1079.71
M max (t.m) : -748.64 -1515.19 -
Vmax (t) 159.46 204.86 243.98 116.58
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Area,A Centroid,d
b 1] ] * 2 o 4 L ) 4 4
(cm) t (cm) (em?) o) A*d (em?) Ix(em®) | A% (em®) | liowa (cm?)
Top flange 50 2 100 203 20300 | 33.33333 | 1020100 | 1020133.333
web 1 200 200 102 20400 | 666666.7 0 666666.6667
Bottom 50 2 100 1 100 33.33333 | 1020100 | 1020133.333
flange
Total 400 40800 | 666733.3 | 2040200
Area,A Centroid,d = 4 & 4 4
b (em) t(cm) (cm?) i A*d (em?) Lem?) | A*? (em®) | leowm (em?)
Top flange 50 3 150 204.5 30675 1125 |1545337.5| 1545450
web 1 200 200 103 20600 | 666666.7 0 666666.6667
Soktom 50 3 150 15 225 1125 | 15453375 | 1545450
flange

Total

666891.7

Area,A Centroid,d = 5 i z 7 -
b (cm) t (cm) (em?) faii) A*d (cm?) Ix(em®) | A*y* (em?®) | low (cm?)
Top flange 50 6 300 209 62700 900 3182700 | 3183600
web 1 200 200 106 21200 | 666666.7 0 666666.6667
. 50 6 300 3 900 900 3182700 | 3183600
flange
Total 800 84800 | 668466.7 | 6365400
Area,A Centroid,d
b [CI‘I’I} t (Cl"l‘ll {Cﬂ"l;] {le A*d {cm2} I l:cm.} A*Yl [cm'] Itotal {Cﬂ'l‘}
Top flange 50 3 200 206 41200 | 266.6667 | 2080800 | 2081066.667
web 1 200 200 104 20800 | 666666.7 0 666666.6667
MAstoln 50 4 200 2 400 266.6667 | 2080800 | 2081066.667
flange
Total 600 -52400 667200 | 4161600
Section liotal {Cm‘} Y bot (cm) ¥ top (€M) S bot {Cmsi S top {crn’j
1 | 2706933.333 102 102 26538.5621 | 26538.56
2 | 3757566.667 103 103 36481.2298 | 36481.23
3 |7033866.667 106 106 66357.2327 | 66357.23
P 4828800 104 104 46430.7692 | 46430.77
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b(em) | t{em) | A(em?) | d(cm) | A*d(cm?)
Top Flange 50 2 100 101 10100
Section1 | 0.5 web 1 100 100 50 5000
Sum 15100
Top Flange 50 3 150 101.5 15225
Section 2 | 0.5 web 1 100 100 50 5000
Sum 20225
Top Flange 50 6 300 103 30900
Section 3 | 0.5 web 1 100 100 50 5000
Sum 35900
Top Flange 50 4 200 102 20400
Section4 | 0.5web 1 100 100 50 5000
Sum 25400
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Lia e hes SE Y

do (cm) 125 130 140 155 175 250 280 300 581 750 1300
k 17.8 16.834 15.204 13.32 | 11.53 8.2 7.551 | 7.222 | 5.594 | 5.356 | 5.118
D/tw 200 200 200 200 200 200 200 200 200 200 200
(Ek/Fy)*0.5 121.79 118.44 11256 | 1054 | 98.02 | 82.66 | 79.33 | 77.58 | 68.27 | 66.81 | 65.31
marzl 136.41 132.66 126.07 118 109.8 | 92.58 | 88.84 | 86.89 | 76.47 | 74.82 | 73.15
marz2 170.51 165.82 157.59 | 1475 | 137.2 | 1157 | 111.1 | 108.6 | 9558 | 93.53 | 91.43
c1 1 1 : A 1 1 1 1 1 1 1 1
c2 0.682 0.6633

c3

Vp (ton) 278.4 278.4 278.4 278.4 278.4 278.4 278.4 278.4
0 0.8904 0.8784 0.8556 | 0.824 | 0.785 | 0.666 | 0.628 | 0.605 | 0.414 0.36 0.278
Vn (ton) 115.4 | 1002 | 77.27
C.Vp (ton) 162.09 153.29 138.45 121.3 105 74.67 | 68.76 | 65.77
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Concrete Column Check Information (ACI 318-93)
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SAP2000 Cencrete Design Project

Jeb Number

Engineer

ACI 318-99 COLUMN SECTION CHECK Type: Sway Ordimary Units: Kgf,

L=550.000

Elament I ! B=100.000 0=100.000
Station Lec : 0.000 E=220000.000 £o=210.000
Section ID : Column fy=3000.000 fys=3000.000
Comba ID . Envlope RLLF=1.000

Phi (Compression-Spiral): 0.750 Overstrength Factor: 1.25
Phi (Compression-Tied) : 0.700

Phi {Tension) : 0.500

Phi (Bending) : 0.900

Phi (Shear/Torsion): 0.850

AXIAL FORCE ¢ BIANIAL MOMENT CHECK FOR PU, M2, M3

Ratio PFu M2 M3

AXIRL FORCE & BIANIAL MOMENT FACTORS

Notes:
N/A: Mot BEpplicable
N/C: Mot Calculazted
N/N: Not Keeded

cm, C (Summary)

dc=8.300

Lt.wWt. PFac.=1.009
Rs=106.200 (Given)
R3=1.062% (Given)

Capacity Design Design Design Minimum Hinimum
M2 M3
0.381 60011.702 5850000.000 -997342.657 271492.938 271482.938

Cm Delta_ns Deita s K L
Factor Factor Factor Factor Length
Major Bending (M3) 0.994 1.000 1.000 1.000 550.000
Minar Bending(M2) 0.662 1.000 1.000 1.000 550.000
SHEARR DESIGN FOR VI,V3
Design Shear Shear Shear Shear
Rekar Vu phi*Ve phi*vs vp
Major Shear (v2) 0.000 3600.000 E2885.437 0.000 0.000
Minor Shear(V3) 0.000 9000.000 62585.437 0,000 0.000
JOINT SHERR DESIGH
Joint Shear Shear Shear Shear Joint
Ratio VuTop VuTot phi*ve Area
Major Shear (Vi) H/C H/C N/C N/C H/C
Minor Shear(V3) n/c N/C N/C N/C nN/C
(6/5) BEAM/CCLUMN CAPACITY RATIOS
Major Minor
Ratio Ratio
R/C N/C

SAP2000 v14.2.2 - Filz:E\Un\pa\HWT\EQ N

December 29, 2017 1:55
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SAP2000 Concrete Design Project
Job Number
Engineer

ACI 318-9% COLUMN SECTION CHECK Type: Sway Ordinary Units: Kgf, cm, C {Summary)

L=550.000

Element i3 B=100.000 D=100.000 do=8.300

Station Loe : 0.000 E=220000.000 fc=210.000 Lt .Wt. Fac.=1.000
Section ID : Column fy=3000.000C fya=3000.000 As=106.200 (Given)
Combo ID : Envlicpe ELLF=1.000 As5=1.0E2% (Giwven])
Phi (Compression-Spiral): 0.750 Overstrength Factor: 1.25

Phi (Compressien-Tied) : 9. 700

Phi(Tensicn): 0.800

Fhi (Bending) 0.800

Bhi (Shear/Torsicon): 0.850

AXIAL FORCE & BIAXIAL MOMENT CHECK FOR PU, M2, M3
Capacity Design Design Design Minimum Minimum
Batio Pu M2 M3 M2 M3
£.372  65046.667 5650000.000 -997342.657 294271.120 294271.120

AXIAL FORCE & BIAXIAL MOMENT FACTORS

Cm Delta _ns Delta_s= B L
Factor Factor Factor Facter Length
Major Bending(M3) 0.954 1.000 1.000 1,000 550.000
Miner BendingiM2) 0.662 1.000 1.000 1.008 550. 000
SHERR DESIGN FOR V2,V3
Design Shear Shear Shear Shear
Rebar Wu phi*ve phi*vs Vp
Major Shear (V) 0.000 3600.000 626570.953 0.000 0. 000
Minor Shear(V3) 0.000 2000.000 52670.953 0.000 0.000
JOINT SHERR DESISN
Joint Shear Shear Shear Shear Joint
Ratio VuTop VuTot phi*Ve Area
Major SheariV2) N/C N/C N/C H/C W/C
Minar Shear{v3) Hi/c N/C N/ST N/C N/C
(6/5) BERM/COLUMN CAPACITY RATIOS
Major Minor
Ratio Ratie
N/C N/C
Hotes:
N/R: Mot Applicable
N/C: Mot Calculated
N/N: Wot Meeded
F
SAP2000 v14.2.2 - File:EAURpoNHWT\EQ December 29, 2017 1:55
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