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/] ABSTRACT /

Code-compliant seismic design should be essentially applied to realize the so-called emulative performance of precast concrete (PC) lateral
force-resisting systems, and this study developed simple procedures to design precast industrial buildings with intermediate precast bearing
wall systems considering both the effect of seismic and blast loads. Seismic design provisions specified in ACI 318 and ASCE 7 can be
directly adopted, for which the so-called 1.5S, condition is addressed in PC wall-to-wall and wall-to-base connections. Various coupling
options were considered and addressed in the seismic design of wall-to-wall connections for the longitudinal and transverse design
directions to secure optimized performance and better economic feasibility. On the other hand, two possible methods were adopted in blast
analysis: 1) Equivalent static analysis (ESA) based on the simplified graphic method and 2) Incremental dynamic time-history analysis
(IDTHA). The ESA is physically austere to use in practice for a typical industrial PC-bearing wall system. Still, it showed an overestimating
trend in terms of the lateral deformation. The coupling action between precast wall segments appears to be inevitably required due to
substantially large blast loads compared to seismic loads with increasing blast risk levels. Even with the coupled-precast shear walls, the
design outcome obtained from the ESA method might not be entirely satisfactory to the drift criteria presented by the ASCE Blast Design
Manual. This drawback can be overcome by addressing the IDTHA method, where all the design criteria were fully satisfied with precast
shear walls’ non-coupling and group-coupling strength, where each individual or grouped shear fence was designed to possess 1.5S, for the
seismic design.

Key words: Blast design, Seismic design, Precast concrete, Intermediate precast shear wall, Bearing wall, Dynamic analysis
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Fig. 1. Design process for blast load and seismic load
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Table 1. Summary of dominant design forces under blast loads

Table 2. Summary of seismic design force and period of building

Blast Longitudinal Transverse Blast Load Analytical Direction Base shear| Period
Load |Design forces direction™ directioni [psil method [kN] [sec]
[psi] Front wall| Side wall|Front wall| Side wall RS Longitudinal 43 -
M”, , [kN'm] 0 0 0 0 Case 1 FEM Transverse 1111.0 0.061
Case 1 7, [kNm] 0 0 0 0 (0 psi) ELF Both 1407.6 0.205
(0 psi) V... [kN] 0 0 0 0 Manual ELF Both 1424.3 0.207
Longitudinal 479 -
Vinr [KN] 0 0 0 0 RS 9
N Case 2 FEM Transverse 1290.8 0.056
m - - .
Vows, N | 2772 13,860 (3 psi) ELF Both 15165 | 0.205
C(:: Zzi? al [k[E':;] _ 5547 - 27,736 Manual ELF Both 1514.5 0.207
, 1,630.5 - 8,152.9 - -
Yout Longitudinal 53.3 -
ins [KN] - 804 - 4,020 RS
kN 5226 26.130 Case 3 FEM Transverse 1421.8 0.052
1 m y - ) - R
Case3 i e TS 225 (5 psi) ELF Both 16086 | 0.205
ase ) m, - 3 - )
(5 psi) all [N 30741 153705 Manual ELF Both 1606.6 0.207
out7 i . - 3 . - : '
V., [kN] - 1515 N 7574 RS Longitudinal 23 -
Case 4 ransverse . .
kNm] | 8,082 40,410 FEM T 15252 | 0.051
s M, Y[kN - , . i 50797 (7 psi) ELF Both 1700.8 0.205
Tes) [, (kN | 4754.1 | w05 | Manual | ELF Both 16986 | 0.207
out7 i . - i - -
[kN] _ 2342 R 11710 Note. ELF: Equivalent lateral force method specified in ASCE 7-22.

Note. A/, is overturning out-of-plane moment, AZ  is overturning in-plane

in

moment, V/ is in-plane shear.

out

* Refer to Fig. 3(a),

is out-of-plane shear, V,
% Refer to Fig. 3(b)
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RS: Resposne spectrum method specified in ASCE 7-22.

Table 3. Comparison between seismic and blast design loads for
in-plane direction

Blast Longitudinal Transverse
Load | Design forces direction direction
[psi] Blast | Seismic | Blast | Seismic
Case 1 M, [kNm] 0 5,459.4 0 5,459.4
(0 psi) Vi, [kN] 0 949.4 0 949.4
Case 2 1., [KNm] 5547 | 5,813.2 | 27,736 | 5813.2
(3 psi) V., [kN] 804 | 1,011 | 4,020 | 1,011
Case 3 M, , [kN'm] 10,452 | 6,166.3 | 52,258 | 6,166.3
(5 psi) V.., [kN] 1,515 | 10724 | 7,574 | 1,0724
Case 4 M, , [KNm] 16,189 | 6,166.3 | 80,797 | 6,166.3
(7 psi) V.., [kN] 2,342 | 65193 | 11,710 | 6,519.3
Note. Design load is denoted underline.
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Table 4. Strength design result for in-plane direction

Design result
Blast . .
. . Moment per PC unit| Shear per PC unit
Load Direction
[psil Flexural strength, Shear strength,
M, [kN'm] V., [kN], (S, ratio)
Case 1 | Longitudinal 25,957 10,395 (2.25)
(Opsi) | Transverse 6,400 2,835 (2.55)
Case 2 | Longitudinal 32,586.3 12,128.6 (2.4)
(3psi) | Transverse 27,736 5,233.2 (2.55)
Case 3 | Longitudinal 46,013.3 14,088.8 (2.25)
(5psi) | Transverse 52,258.4 10,609.2 (2.4)
Case 4 | Longitudinal 50,729.6 21,830.6 (2.55)
(7ps)) | Transverse 80,797 18,871.8 (4.05)

Note. Denoted underlined is seismic design result, and the others are blast
design results.
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Note 1 Note 2

KEY = 0 is Elastic Z=1 is increasing plastic deformation

KEY = +1 s Positive plastic Z=2 s end ofrebound plastic deformation

KEY = -1 is Negative plastic Z=3 is end of positive plastic deformation
=4 is continued elastic deformation

Set input constant
M.y, K, 6,08, Ca, Cr, KEY =0

725 is start of rebound p1astic deformation
v =6 is start of positive p1astic deformation

Set input constant
F = Fy +AF

Determine acceleration

@ie1 = (Fias = CViaa-Risa) /M

if (KEY,., = 0) then Riy1 = Ry — (Yeus1 — ¥is1)K
if(KEY,., = 1) then Riy; = Ry
otherwise Ri 1= Ry

Determine incremental displacement
Ay = AFoifKorys 1

if(Zi.y=3)theny,_ipq = y; —
if (Zjey=2) then ye_ j41 = y;
otherwise y, i1 = Yei

i3

(Ry—Ry-)
K

l)elermmu incremental velocity
A Aye- 3 - (=
il \z LYY

Caleulate displacement & velocity

(7,1 =2) then Yy =y + Poos)

(2= 3) then Y1 = %
otherwise e i+1 = Ye i

if (KEY <0) and (v;., <y) then Z,,, = | 7

if (KEY <0) then Z,., = 2 = =

if (KEY > 0) and (y,.,>,) then Z,., = | “ 1:2?' N ;)“"h") ‘]];E“YKEY"f =KEHY,)
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Fig. 9. IDTHA Flowchart
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Table 5. Summary of drift check under blast loads

Case Analytical Direction Ore o Value Al‘l’c;mae?kle
method [mm] [mm]
Iz ¢ Hatiow Oation
Front wall 16 43.5 2.7 0.93 - 1
) ) Diaphragm (in-plane) 0.312 0.318 1.02 - 1.3 -
Case 2 Equ:sl;;;ztaﬂc Side wall (out of plane) 16 12.8 0.80 0.21 - 1
Side wall (in-plane) - non coupling 2.8 18.4 6.37 0.15 3.0 1
Side wall (in-plane) - group coupling 14 5.58 3.86 0.046 3.0 1
Front wall 18.4 59.7 3.23 0.99 - 1
) ) Diaphragm (in-plane) 0.627 0.551 0.88 - 1.3 -
Case 3 Eq”';"::;;ztat'c Side wall (out of plane) 184 147 080 | 0245 - 1
Side wall (in-plane) - non coupling 4.7 28.1 5.89 0.23 3.0 1
Side wall (in-plane) - group coupling 23 8.0 3.38 0.067 3.0 1
Front wall 19 64.9 34 1.07 - 1
. . Diaphragm (in-plane) 0.627 0.872 1.39 - 1.3 -
Case 4 Eq“g’::;;ztat'c Side wall (out of plane) 19 15.0 0.79 0.25 - 1
Side wall (in-plane) - non coupling 6.5 371 5.65 0.30 3.0 1
Side walll (in-plane) - group coupling 32 10.2 3.14 0.085 3.0 1
* Note. Allowable value is presented in ASCE Manual 42, in which rotational angle is originally presented, thus it converted into radian values.
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Table 6. Summary of drift check under blast loads

) 5 5 Value Allowable
Case Analytical Direction e o value*
method [mm] [mm]
1% 0 Haltow eullow

Front wall 16 325 2.03 0.54 - 1

_ _ Diaphragm (in-plane) 0.312 0.305 0.98 - 1.3 -

Case 2 Dynamic §tat|c Side wall (out of plane) 16 12.6 0.78 0.20 - 1
analysis

Side wall (in-plane) - non coupling 2.8 11.8 4.07 0.09 3.0 1

Side wall (in-plane) - group coupling 14 3.8 2.7 0.03 3.0 1

Front wall 184 41 222 0.68 - 1

) ) Diaphragm (in-plane) 0.627 0.53 0.84 - 1.3 -

Case 3 Dy’;an”;:;siat'c Side wall (out of plane) 184 14.8 080 | 0245 - 1

Side wall (in-plane) - non coupling 4.7 17.6 3.70 0.14 3.0 1

Side wall (in-plane) - group coupling 23 55 2.39 0.045 3.0 1

Front wall 19 47.9 2.50 0.79 - 1

. . Diaphragm (in-plane) 0.62 0.77 1.22 - 1.3 -

Case 4 Dynarmic static Side wall (out of plane) 19 15 078 | 0249 - 1
analysis

Side wall (in-plane) - non coupling 6.5 24.4 3.41 0.18 3.0 1

Side walll (in-plane) - group coupling 32 6.8 2.08 0.056 3.0 1

* Note. Allowable value is presented in ASCE Manual 42, in which rotational angle is originally presented, thus it converted into radian values.
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