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Specimen  Thickness (Diameter) (mm) fy (MPa) f, (MPa) E (MPa)
L 20 532 691 1.97x103
Longitudinal L. 20 530 683 1.98x10°
Ls 20 534 686 2.04x10°
Average Value L 20 532 687 2.00x10°
T 10 480 622 2.02x10°
Transverse T2 10 478 621 2.04x103
Ts 10 481 622 1.98x103
Average Value T 10 480 622 2.02x10°
Si 4 349 490 1.93x10°
Steel Jacket S> 4 340 502 1.87x10°
S3 4 326 481 1.90x103
Average Value S 4 338 491 1.90x10°
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Components Cement Gravel Sand Water Additives(PS10)
Kg/m? 420 515 1188 176 3.5
W9 5 Shdiged cile (Sl p oo odlaiul LWS = b :(F) Jeu
. Pure P.11.52.5 Portland Fine Steel Polycarboxylic Water- Expansive
Material Water Cement Sand Slag Fly Ash Reducing Agent Agent
Mix Ration (Kg/m3) 3393 910.9 729.6 4824 2179 47.5 15.9
Baiges 33 (B pan (b Slogas 1(0) Jyi
Compressive Mass
Specimen Strength of Cubic f'c¢(MPa) ec0 (%) ecu (%) Weight (Kg)
. (Kg/m3)
Specimens (MPa)
A 50.42 43.14 0.230 0.386 7.2 2150
B 51.23 44.28 0.225 0.376 7.3 2160
C 50.95 43.86 0.241 0.401 7.25 2140
Average Value 50.86 43.34 0.232 0.388 7.25 2150
Standard Deviation 0.2 0.16 0.212 0.338 7.3 2.160
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1d Compression ~ 3d Compression  28d Compression Fluidity Fluidity Elasticity
Specimen Groups Strength Strength Strength Initial 30 min Modulus
(MPa) (MPa) (MPa) (mm) (mm) (MPa)
Gl 28.6 39.2 57.2 319 291 35780.9
G2 31.1 44.8 59.3 319 291 36321.3
G3 353 46.5 64.8 319 291 36259.8
Average Value 30.7 435 60.4 319 291 36120.7
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A B First Crack Yielding of Longitudinal Bar
¥ Peak Load ® Ultimate Load
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| m First Crack Yielding of longitudinal Bar u Peak Load m Ultimate Load I
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1-261 48 32 -l6 0 1.6 32 48 6.4 1%60'4 -48 32 -16 0 1.6 32 48 64
: . MV e CS 1 STADAS
130 —— ¢St 130 /‘\
110 —— 110
90 90
~ 70 ~ 70
Z 50 Z 50 »
< 30 Z 30
g 10 f g 10 ;
= -10 = 10 7 —>
£ .30 F — £ 230 4 - ¥
2 .50 (—)| =) 2 50 /i =) ()
= 70 =70 ‘
200 -90
-110 — -110
-130 -130
-150 -150
-80  -60  -40  -20 0 20 40 60 30 -80  -60  -40  -20 0 20 40 60 80
Displacement (mm) ) Displacement (mm)
(a
Drift (%) Drift (%)
-6.4 48 32 -16 0 1.6 32 48 6.4 -64 48 32 -1.6 0 1.6 32 48 o604
150 e €S2 150 s CS2 STCSS
130 130
110 w—l— 110
90 90 [
~ 70 ~ 70
¥ a 2 5 (
k ; 3 4
E 10 / £ 10 B 4
% 30 —— = 30 /7l —
% .50 1 (=) (=) 9—-; .50 i l_)l (=)
=70 = .70 /
-90 -90
A0 -110
-130 -130 5 7 | I
-150 |_I -150
-80  -60 -40  -20 0 20 40 60 80 -80 60 40  -20 0 20 40 60 80
Displacement (mm) Displacement (mm)
(b)
Drift (%) Drift (%)
-6.4 48 32 -16 0 1.6 32 48 6.4 -64 -48 32  -16 0 1.6 32 48 64
150 s 03 150 e CS3 STAKB
130 130
110 — 110 /.\-
90 / 90
~ 70 ~ 70
Z 50 Z 50 '/
= 30 f = 30
10 g 10 i
=10 > = -10 7 «—>
£-30 » O + 530 O]
£ 50 / Z 50 : l
~ 270 =270 /
-90 -\_/ 0
-110 -110 -
-130 I_I -130 I_]
-150 -150
-80 -60 -40 =20 0 20 40 60 80 -80 -60 -40 =20 0 20 40 60 80
Displacement (mm) Displacement (mm)
(c)

9 CS3 () 9 CS2-SJCSS 9 CS2 (<) «CS1-STADAS 9 CS1 () :ladtigns (S 1 (s 38) O gk — Nl (59 39 (S 10905 1(1+) o
(5 o1l 3Lt 9 Sumiut 5 Iob S3 Kho kel ¢ F 3395 5 ST 5 a5 SAI gl P nao BB ¢ JCH Sl 5 15 6L .CS3-STAKB
SIS 0 et

Gk ol i Mol 5y 65— (Shokrzadeh et al,, 2025) Aol 5l ey (V1) IS sl ls gas ST ol ST p‘\(

il 4nloes 6 (Pettinga & Priestley, 2008) (V) akal,  Wlodd &1,1 ()50 Jb 65 1004 1 3 (50 P-A 4 56 Ol I

AD VFed il pgd 0yl oy Jlo




LAl e 035 Lo
BOgie Slas > sy 4 b o polae dwlie :(Y) Jus
Specimen  Regon (5 oo 0h MO 0%
Pos. 4000 5.0 10600 2520 11000 4000 10000 65.00 -
csi Neg. 4900  -550  -11000  -1720  -11800  -2600  -108.00  -66.00 -
Ave 4450 530 108.00 2120 11400 3300 10450 6550 3.9
Pos. 2600 5.0 9100 2100 14500 5500 11000  66.00 -
S Jif)lAs Neg. 3000 -520  -97.00  -21.60  -142.00  -5520  -140.00 _ -65.00 -
Ave. 2800 5.10 9400 2130 14350 5510 12500 6550 3.8
cs2 Pos. 4500 530 10900 2510 11390 4300 10500  66.00 -
Neg. 5000  -5.10  -11500  -17.10 _ -120.10 2700 _ -107.00 _ -66.00 -
Ave. 4750 520 11700 2110 11700 3500 9675 6600  3.13
Pos. 2000 5.00 7500 2100 12500 5530 12000  66.00 -
ng; S Neg.  -2020  -520 8000  -17.00  -142.00  -55.10  -140.00  -66.00 ]
Ave. 2010 510 7750 1900 13350 5520 13000 6600 347
Pos. 4500 490 11200 2000 11200 4000  99.10  66.00 -
Cs3 Neg.  -50.00  -510 11000  21.00  -11000  -3400  -9450  -64.00 -
Ave. 4750 5.00 11100 2050  111.00  37.00 9680 6500  3.17
Pos. 2500 5.0 8500 2110 12500 4500 10400 6600 -
Sf:f(B Neg.  -2000  -510  -80.00  22.10 _ -10500  -55.00 _ -100.00  -65.80 -
Ave. 2250 5.0 8250 2160 11500 5000 10200 6590  3.05
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Following an earthquake, damaged reinforced concrete (RC) columns, as primary vertical load-bearing
components, can influence the residual stability of buildings and the safety of post-earthquake operations. In
damaged structures, access is often required for emergency response, preliminary inspection, damage assessment,
and initial stabilization measures. Under such conditions, conventional permanent repair or strengthening techniques
may not be suitable because they can require preparation time, wet construction processes, adhesive materials, or
on-site welding. Therefore, temporary strengthening systems that can be rapidly installed through dry mechanical
connections and subsequently removed after the emergency, inspection, and initial stabilization stages can provide a
practical alternative for restoring a level of structural safety.

This study experimentally evaluates the cyclic performance of three temporary strengthening systems based on
mechanically assembled bolted steel jackets for severely earthquake-damaged RC columns. For this purpose, one-
third-scale RC column specimens were first subjected to quasi-static cyclic loading until a severe level of damage
was developed. The damaged specimens were then temporarily strengthened using three different steel-jacket
configurations.

The first system consisted of a bolted steel jacket equipped with energy-dissipating plates intended to enhance
hysteretic energy dissipation while limiting further damage concentration. The second configuration incorporated a
corrugated steel sheet within the jacket system, whereas the third configuration employed a steel jacket combined
with a lateral knee brace. All strengthening systems were designed to be installed without concrete casting, bonding
agents, or on-site welding, thereby facilitating rapid assembly and potential removal after completion of the
temporary intervention.

Following installation, the strengthened specimens were re-tested under cyclic lateral loading in combination
with a constant axial load to assess their post-damage structural response. The experimental results indicate that all
three temporary strengthening systems improved the behavior of the damaged RC columns under repeated cyclic
loading. In particular, the jackets reduced the concentration of damage within the plastic hinge region, restrained
buckling of the longitudinal reinforcement, and enhanced the cyclic stability of the previously damaged specimens.
The results further showed that the three configurations did not provide identical structural benefits. Among the
investigated systems, the steel jacket equipped with energy-dissipating plates demonstrated the most favorable
performance in maintaining effective stiffness and increasing energy dissipation capacity during cyclic loading. By
contrast, the corrugated-sheet and knee-brace configurations showed comparatively greater effectiveness in
improving confinement of the core concrete and maintaining stability at large displacement demands. These
differences indicate that the response of temporarily strengthened columns depends on the mechanical
characteristics and load-transfer mechanism of the selected jacket configuration.

The findings demonstrate the feasibility of using mechanically connected steel-jacket systems as temporary
post-earthquake strengthening solutions for severely damaged RC columns. Their rapid installation, dry assembly,
avoidance of field welding and adhesive materials, and removability after the emergency stage make them
particularly relevant where immediate structural stabilization is required before detailed assessment or permanent
rehabilitation. The study, therefore, supports the use of temporary steel strengthening as a practical strategy for
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improving the short-term safety, cyclic stability, and residual functionality of earthquake-damaged RC columns
during emergency response and early recovery operations.

Keywords: Temporary Strengthening; Earthquake-Damaged RC Columns; Mechanical Steel Jacket; Cyclic
Behavior; Energy Dissipation.





