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Abstract: This paper presents an over-
view of the results of a one-yearwork on
the inspection, testing and assessment of
a )eo-year old v-storey commercial build-
ing in Jordan after subjected to a severe
fire inf..a. Initial field investigation and
evaluation of materials used inconstruc-
tion indicated several weaknesses and
deteriorations withinthe building, lead-
ing to serious concerns about its expect-
edperformance under seismic forces and
further in-depth examinationsfor reme-
dial actions. Consequently, a more com-
prehensiveinvestigation was performed
to evaluate and upgrade the overallstruc-
tural condition of the building. The in-
tention was to provide forextra strength,
both vertically and horizontally, without
making majormodifications in the ar-
chitecture of the building. The focus of
thispaper will be on retrofitting plans de-
veloped to seismically upgrade thebuild-
ing to the level required by the Jordan
Code for Loads and Forces(JC-144-).
This involved proposing a new Lateral-
Bracing-Systemincorporating additional
elements (mainly shear walls), repairing
andstrengthening of deficient elements,
and providing a continuous andefficient
lateral load path. The proposed structur-
al system is expectedto perform satisfac-
torily in future earthquakes.
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Factors & Coefficients
" Intensity a 0.75 Zone (A)
| Factor __| Agaba Region
[ Importance n 1.0 Commercial
| Factor Building
W D 1.33 Bracing-Sys
Factor 3 3 Shear-Walls
. i 0.04 <B=0.05
D;_Z:;g”_c b P L Building
ﬂ Bx-p Txp=0.154 sec 0.093 Fundamental
" Short Dir. By-p Ty.p= 0.188 sec 0.087 period (T)
T Soil 5 0.8 <6 =0.7/°V T-Ts Ts = charac.
'\ Factor 8 =1.3 where Ts> T Site period of
_-Long Dir. Ox-D 1.3 Soil=0.80s
| - Short Dir. ov.D 1.3
| Base Shear C V=C Y"1 Y2 w2 For Calcs. of
'\ Coefficient C=0aBdDn height Factor
I - Long Dir. Cx.p 0.121 (y.) refer to
| - Short Dir. Cyop 0.113 Table (2)
I3 Jat ZIBISY 2K 23BN (§5a 3 (1) Jgin
‘ Storey Slab Storey Height Fz Storey Shear
I “Name Level Weight Factor 0.121 y. Wz (KN) Vz)
level” | ho(m) | We(KN) | (3:) (KN) ; 
Rooft7 24.75 8900 1.45 1561.5 | -
3 (6) 21.45 10800 1.25 1633.5 1561.5
45 18.15 10800 1.06 1385.2 3195..0
—34) | 1485 10800 0.87 1136.9 4580.2
% 11.55 10800 0.68 888.6 5717.1
G\QL 8.250 14000 0.48 813.1 6605.7
\B’"\d(l)\ 4.050 15800 0.24 458.8 7418.8
2 (0) | 0.000 | - Base Shear (V) 7877.6
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Story Lateral and Rotational StifThess ( 11 im_'!‘l‘_‘_')“.(l_'l)ﬂ___
| Cemer of Graviy Cales. | Tensional Fffects ( ‘alcs. Yo Tﬁ
”.”” K]0 ] Ay |y R ke
No. imm) \) (YY) | (N """’) Or N Ky (%)
Nomm) | 107 (0" oty | 0" ey ]
O T 0T R0 o880 [ <0037 | 283 0.13 23,09 225
o | 3o 020 | 078 | -832 | 272.18 0.55 10.19 10.75 |
w2 193 | 020 | o786 | -832 [ 27218 | 055 10.19 10.75
CorO_ | 201 | 1285 | 2587 | 433 | 3774 | 0.s g2 S or
M3 7.99 1660 | 13203 | 808 [ 521.04 1.09 20.71 21.80
\ 3R 58 328 88 1106.58 247 100

Shear Walls (1% - 5™ Floor) — (X-D)

cadll O e ails S A1 541 w598 (7)) I

Sear Wall No. K-=1000/0]1] Remark s
Nomm (10°)

Core-N 20.712 [1]: & = Total displacement (mm)

& = (1000 h*/12ET)+ (1.2 h 1000 /G Ay )
AN-CSIL2 3.932 where

h = height of pier ,

Core-0O 2.013 I = moment of inertia of wall x-sec.
E = modulus of elasticity of concrete.

-Sw3 7.99 G = shear modulus =E /2 (1+v)
v = poisons’ ratio, Av = wall x-sec. arca

oalll Oy Slelia s (£) Jgan

G El o) aadl g 4dyhall saee Y1y (el O jas araal Slilis e Alie 3 A 5 300

BOUNDARY ELEMENTS AND REFINED DESIGN OF SHEAR WALLS (ACI-318-02)

L

Where maximum compressive extreme fiber stress of a shear wall (£, > 0.2 [) cither, boundary
clements were provided at both ends of the shear wall, or confinement transverse reinforcement

complying with (ACI -21.4.4.1) was placed for the entire wall:

fou Pusdg + MuC/1... Or f,,~ Pu/Ag + 6Mu /I bw.... rectangular x-section, where:

Pu = factored axial load (N) Ag = gross arca at wall section (mm®)
AMu = factored moment at wall section (N.mm) I = moment of inertia of wall section (mm®)
Iw = horizontal length of wall (mm) bw = width of wall (mm)
r7 : SR > 200 7:
ZZz74 ool - A,
! 1 ! = ] Boundary Element
P — 1 4

The tensile factored axial load (Pru) on the boundary element was determined by;
P~ Pw2 + Mu/(w-x) <0

and the longitudinal reinforcement ( 1,) of the boundary element was proportioned for the absolute
value of (Ptu) using the following equation;

OPtu = LA, Iy  where, & 0.9

e e g R SRR




p. 0. 0025, where, (7)) is the vertical reinforcement ratio of

= Py : the boundary CW
3. ll‘t;)()\ 0.01) (ransverse reinforcement was (o comply to (ACI-21.4.4.1 - 21 4 ‘llr%)cllcmcm, when
( A Rl .9.0),

L, 0.09Sh £ /19, cquation (21.4 - ACH) |
Agh

. c/o
/
t—hoops

- . Paealiminary™ . . :
The New Shear walls were plclfnun.lry designed for combined flexural and axial loads. Adjacent
cxisting columns were doweled with the new shear walls to enhance their structural performance.

where, S hoops' spacing

e s
T es ¥

The new shear walls were checked for shear strength and for minimum horizontal shear reinforcement.

provisions © (ACI-11.7: shear friction) were investigated "wherever applicable”. The design of the
New Shear walls was refined to accommodate the above requirements.

JESIGN OF COUPLING BEAMS (4CI-318-02)

where aspect ratio of F:oupling beams (In/h < 4 - sce the sketch below) they were reinforced with two
niersecting groups of diagonally placed bars symmetrical about the mid-span, satisfying the following:

o I )

; )
i S

SECTION (A—A)

1. V,=24,4 Fy Sina <5/6 \ f. Acp......equation (21.9 - ACI), where
I/, = nominal shear strength. V, = Vu/0, Vu=factored shear force (N)
0 = strength reduction factor = 0.75 Acp = b, h (mm)
A,; = total area of reinforcement in each group of diagonal bars (mm)

2. Each group of diagonally placed bars was enclosed in transverse reinforcement satisfying (21.4.4.1
through 21.4.4.3 - ACI):

7
Ap>03 (ShoF'c/Fy) [(Ag/Ay) — 1] ... equation (21.3 -;ACI), where Ibe
Ag = total x-sec. area of hoops (mm?*/S)4 ¢ = He Be (mm) L o
He=h, + 50 mm, Be = b, +50mm  Ag = he b (mm’) he

S = spacing (mm).... Limits <{ (Hc or Bc) or 6* diameter of long. Bar but not less than 100 mm

3. Reinforcement parallel and transverse to the longitudinal axis was provided according to the
following;

a) Arca of shear reinforcement perpendicular to the span;
A, (mm?®) >0.0025 bw S, (horizontal spacing < 300mm) .... (ACI-11.8.4), where

bw = web width (mm).

b)  Arca of shear reinforcement parallel to the span: i
Ay, (mm?) > 0.0015 bw S, (vertical spacing < 300mm) ..... (ACI-11.8.5)

4. Shear connectors were designed to ensure that the existing (old) slab and the new coupling beams

{&[Acc. to ACI -11.7.4: shear-friction concept].
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