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SUWATCHARA TANWATTHANAPRATHIP: REPAIR OF FLEXURAL REINFORCED

CONCRETE MEMBERS AFTER FIRE USING NEAR-SURFACE MOUNTED FIBER

REINFORCED POLYMER RODS.ADVISOR: ASSOC. PROF. WITHIT PANSUK,

Ph.D., CO-ADVISOR: RAKTIPONG SAHAMITMONGKOL, Ph.D., 92pp

UNAAEDNIHIDING

Post-fire damaged reinforced concrete structure was loss both concrete strength
and bond between concrete and reinforcing steel. The problem is how to re-activated by
optimizing cost and time. The reparation using fiber reinforced composite material is an
interesting choice for the fire deteriorated building components.

The main purpose of this research is to study about the method to repair fire
damaged material with carbon fiber polymer rod near surface of specimens or Near
Surface Mount totally 3 experiments. There are direct tensile strength of rod, bond
strength by direct pull-out test, and flexural strength of fire deteriorated slab. The special
behavior of tensile strength test is to observe a linearly result without any yielding point
until failure. The relationship of tensile stress against anchor depth per diameter is
introduced in order to find an appropriate depth for each installation. Then, a carbon
fiber reinforced polymer rod was installed into post-fire slab for flexural test. The location
and distribution of polymer rod installed into specimens play an important role on the
repaired material strength. Finally, the appropriate way to repair a damaged structure
considering both convenience and strength condition is to place the polymer rod on

repairing material layers in the same line with original reinforcing steel.

Department: Civil Engineering

Field of Study: ___Civil Engineering Advisor's Signature
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% ) 'E(.s)—'rm[m] =(C"s
§ f [4 “\% Experimental Curve
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Slip (mm)

dl v o ! 1 P dl dl o '
AINN 4-16 ANNANNUDTTEUINATANNIAULALUULILRAL (average bond stress) NUATNNT

na(slip) [32]

I T I

=

NINTI4-17 axnATedwes uszuuNI9EAmtEn
B3UAINNIUNANANHLAUEALUTIES (bond  stress) N1TNTLALURIAIHNLATE A
(strain distribution) Taeildaunnsnisannanauss (Equilibrium of force)Asnning-17 [33]

FNANNITN2

2
d
ndyd, = T”da 2)
WafiarsungAnssuiuuuudunsa(inear  elastic)redurianafinaiainsn

Nansn A B NANNIIN3

ds
o = Ebgb = Eba (3)
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T 7(x) = anuAuEnmtiaanqn x

d, =duliuguinasresuwianedmeiidiudule
E,  =ealugaaresssuvisnedmefidiuduly
& = ANANNNLATEALBLIINE ALNaTLET NI e

S AN loa

AnaNNIIN2uaz3 annsamanlugilaeseyus iiasannsia

d?s 4
———1(x)=0 (4)
dx Epdp
naganiufaz A NANAUE189 Bertero-Popov-Eligehausen(BPE) Tmelusing
LINATHANHZAIANNINSUANAIANNAIANNAUEATHELRALTINAAGIgALAIR T AN UL

o dl
ANANNITNG

T(s) = Tm(i)“ L 0<s<s, (5)

=
— ar
(s) = 7,,(—) S = Sy (6)
Sm
0l Ty, = AnALALE eI NqRgIan
| o RN 1L
Sm =AnslnanqaANAuEamtiaagean
a  =aAnfuufilugasuanieuivangean (HA9emndng 0041)
, U o/ 1 o U U
a =Adfuufluteandiainqagegn  (HA19zrdng -19090)
o - " o
ANaNN1IN4uarsa Nl A NaNnI7
d?s  4ty,s®

— =0 7
dx? Epdpsm (7)
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wnfiansnRevlaaninseudmiunistiamtiaauunanyysnl (perfect anchorage) 414190
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WQW?MWiﬁM’]N@NﬂW?%S TnafiNeularevmaAnsinalazanuATaanlanadasei A
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AUEIANANNITNG

_ . 2tm (- /1
s(x) = [EbdbS12n (1+0c)] A=) x 1) ©)
ds
s(0) = 0 uaz (a)xﬂ) =¢e(0)=0 9)

k-

a

WaNanTuIN1s lnanaeAAINE12 1LY NNAALNEFANNANNIT 2LAZ3A1NNT0

el INAINANNIIN10
ds
o(x) =FE— 10
() = E— (10)

AMNANN1IN8UAz9 NansnnlfiarnuAunainsnyinliinislnafnIuinfu S, 1§

AMLAUATNANNNITT 1

dp 1+a

o, =0(sy,) = (11)

ANNNINN4-15 TR NANAUSIZUINNANANNLALE ALUTRERAL N FRNANNIg
7112 AuAinislnandansdgaszuazilanaiinds NN1A1INLYDTULAZNNINIZANFUD
ANHLATHANN LAANANNNIN 1399014 A lFI1EIMIANANAUFI LU AN NLALE AL

4 . 4 . - o & a. v . .

RALTUAINITINARAYITINNLA8BA T AT AHE AT AT I AN HIULADARRRITLATNN4-16
4 4 L ey e e e y = 4 . 4
FaauAINuN BN NaaIANNANRUS Iz M ANLALE aLuTitalRAs TUN1sT loaLaA
syndnilanafasy(free-end slip)iutlanetini(load-end slip)auneArAuLAugIgaazlfpn

FAANNNIN15 Fag N0 uN AU uLE o 1Bsaanni1In1e

P

Tav = 12
av TL'dblb (12)

Tt Ty = AAnufutiamilaniage

v
P = usamsanuziu

[, =szazilsiinasdnenealfluntmaset
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s(x) =s(0) + f;c gp(x)dx (13)

TINNILELNNTRA strain-gauge  WWFaLHaaiKnI11cm.-2cm.)d@nunsa lbannng

wuulssadiagldnnuannisni4 [32]

s(x;) =s(0) + Z§'=1 &pj* (Xj — Xj-1) (14)
_ (Sm S \a _ Tm-Sm
Ar(0,5m) = [y T () ds = (15)
Tm-Sm
o/ =TT S 16
Az(0,5m) (16)

£ A a < = SNy o =
BILHBANANTUVINTSLL ZQ'N\I’TEDL‘LIFJHZQJJT’]’]?VIZVL@@\‘IZQNH’]?VH7

ond?
tndyl,, = 3 b (17)

o [, =seavdetinatnediasvinliidnnisloanlanedasadlugud

AMNANNIINT1,16Uax17 AuNInMseaztlaEinlAReaNni19N18

EpSsmdp
lm = |—— (18)
2(1+a)Ttm,
TINAAINNIINARDLLAZNNTIATILHAINTDUN Tl E ATl tiasuadLAny

A lunsfndsuriane e fidsndulawuusineuansluniiana-3
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FuRaunsa 2.837 1.763 3.641 0.374 | -040 | 52.02
2.638 1.519 2.637 0520 | -0.38 | 47.61
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WNFINLTER 2.897 1.648 3.792 0.259 |-0.35 52.00

TR
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F199714-4  grunginnasneT g miunisndusiaesina24okse Hunan

90 17
LR (TN W AUNNR LR (TN U9 AU LR (TN U9: AUUNN

) (°C) i) (°C) i) (°c)
0:00:00 51 0:28:00 836 0:59:00 923
0:00:10 101 0:29:00 842 1:00:00 925
0:00:39 251 0:30:00 848 1:01:00 926
0:01:27 390 0:31:00 852 1:02:00 929
0:02:03 432 0:32:00 854 1:03:00 930
0:02:42 445 0:33:00 860 1:04:00 932
0:03:00 452 0:34:12 864 1:05:00 934
0:04:00 469 0:35:00 865 1:06:00 935
0:05:03 504 0:36:00 869 1:07:00 937
0:06:00 541 0:37:00 873 1:08:00 938
0:07:21 583 0:38:00 875 1:09:00 941
0:08:00 594 0:39:00 878 1:10:00 942
0:09:00 606 0:40:00 880 1:12:00 945
0:10:00 637 0:42:30 887 1:13:15 947
0:11:00 650 0:43:00 889 1:14:00 948
0:12:00 698 0:44:00 891 1:15:03 950
0:13:00 714 0:45:00 892 1:16:00 950
0:14:00 745 0:46:00 896 1:17:00 951
0:15:00 757 0:47:00 898 1:18:00 952
0:16:00 766 0:48:00 900 1:19:00 954
0:17:00 772 0:49:12 902 1:20:00 956
0:18:00 778 0:50:18 906 1:21:00 957
0:19:03 784 0:51:00 908 1:22:00 958
0:20:00 788 0:52:00 909 1:23:00 959
0:21:00 804 0:53:00 911 1:24:00 961
0:22:00 806 0:54:00 913 1:25:00 962
0:23:00 810 0:55:00 914 1:26:00 964
0:24:00 815 0:56:00 917 1:27:00 965
0:25:00 818 0:56:57 919 1:28:24 967
0:26:00 821 0:57:00 919 1:29:00 967
0:27:00 825 0:58:00 921 1:30:00 969
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0:00:03 95 0:32:06 855 1:02:00 930
0:01:00 114 0:34:00 861 1:03:00 932
0:02:00 343 0:35:06 866 1:04:00 934
0:03:00 433 0:37:00 870 1:05:00 934
0:04:00 455 0:38:09 874 1:06:00 938
0:05:03 466 0:39:00 877 1:07:00 940
0:06:00 511 0:40:00 879 1:08:00 940
0:07:30 553 0:41:00 883 1:09:00 942
0:08:00 564 0:42:00 885 1:10:00 944
0:09:00 577 0:43:00 888 1:11:00 944
0:10:00 604 0:44:00 891 1:12:00 947
0:11:03 629 0:45:00 894 1:13:00 949
0:12:00 637 0:46:00 896 1:14:00 949
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0:15:00 727 0:49:00 904 1:17:00 955
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0:17:00 755 0:51:00 908 1:19:00 957
0:18:00 771 0:52:00 911 1:20:00 959
0:19:00 780 0:53:45 915 1:21:00 960
0:20:00 788 0:54:00 915 1:21:57 962
0:21:03 798 0:55:00 917 1:23:00 962
0:22:06 810 0:55:51 919 1:24:00 963
0:23:00 816 0:56:00 919 1:25:00 965
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0:24:00 822 0:56:57 920 1:26:00 966
0:25:03 826 0:57:00 921 1:27:00 967
0:26:06 832 0:58:00 923 1:28:00 969
0:27:06 836 0:58:00 923 1:29:00 970
0:28:06 840 0:58:03 924 1:30:00 971
0:29:09 844 0:59:00 925
0:30:00 848 1:00:00 927
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dl =® 1 dgl % 1
F13199N4-8 NANNTAINARDLILHNUNURIDEING

R
LENUNUNNARBL

ATIN SC1|SC2 | SF1 | SF2 | SF3 | SF4 | SF5 | SF6

FEEANNNI (LIUFLNAT)

0Ocm 5cm.
1 435|710 |0.70 | 450 | 2.10 | 1.00 | 1.60 | 3.50
2 580 | 7.30 | N/A | 0.25|1.80 | 1.90 | 1.60 | 2.70
3 4.90 | 6.50 | 0.75 | 0.50 | 1.50 | 0.90 | 1.00 | 1.65
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